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ABSTRACT 
 
Purpose: This study aims to determine the long-term effect of neurophysiological taping over a period of 
three weeks on the strength of the gastrocnemius muscle in asymptomatic (pain free) individuals. 
Additionally, the aim of this study is to evaluate any change in the peak force on the gastrocnemius muscle 
over the three-week period, thus providing more information regarding a more long-term effect in weeks for 
the taping rather than an immediate effect. 
With the introduction of Kinesio® Tape, patient compliance can be reduced during the estimated time frame 
of this study. The tape has little effect on the participant’s everyday activities and should continue to have an 
increased effect and impact to the involved musculature with very little effort required by each participant. 
 
Method: This study was an exploratory study that utilised convenience sampling and random group 
allocation This study consisted of Thirty participants which were randomly allocated to one of two groups. 
Group 2 received neurophysiological taping applied to the gastrocnemius muscle bilaterally. Group 1, the 
control group, received hypoallergenic Cover-Roll stretch tape applied to the gastrocnemius muscle 
bilaterally. The potential participants were accepted according to the inclusion and exclusion criteria. 
 
Procedure: Treatment consisted of six consultations with an additional seventh consultation whereby data 
collection was performed only. Each group was treated twice a week for a period of three weeks. Objective 
data consisted of peak torque, coefficient variable and peak torque deficit ratio values using the Cybex 
Isokinetic muscle strength machine. Each participant within the study, regardless of their group allocation, 
received three objective measurements. The primary measurement was that of a two-speed protocol of 
torque versus time curves of both the right and left gastrocnemius muscles on the first, fourth and seventh 
visit.  The data was collected and presented for analysis to a statistician.  
 
Results: Statistically significant changes were noted within group 2 with reference to peak torque. However, 
group 1 remained the same throughout the period of the study. These results were supported by the 
coefficient variable and peak torque deficit values that all experienced an improvement in group 2. Clinically 
significant improvements were noted in group 2 over the duration of the study between visits 1 and 7 with 
reference to peak torque, coefficient variable and peak torque deficit values. This suggesting not only does 
the tape have a short term effect between visits 1 and 4 and 4 and 7 but also a long-term effect between 
vii 
 
visits 1 and 7. Group 1 showed very little clinical significance which either remained the same or decreased 
throughout the study period. 
 
Conclusion: The results show evidence that Kinesio® Tape has a clinically and statistically significant effect 
on the strength of the gastrocnemius muscle over a long term. Group 1 had a clinically greater significance 
between the first and seventh visits. However, Group 2 remained the same with little-to-no increase within 
these values. This effective treatment to the gastrocnemius muscle by means of application of Kinesio® Tape 
showed beneficial results as compared to group 1. The mean values within the Kinesio® Tape group was 
greater than the mean values within the Hypoallergenic Cover-Roll Stretch Tape group. This form of taping 
has proven to be beneficial for individuals who have an interest in maintaining and increasing muscular 
strength and tonicity to the gastrocnemius muscle group for means of everyday use or athletic purposes. 
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CHAPTER ONE - INTRODUCTION 
 
1.1 Problem statement 
 
The gastrocnemius (calf) muscle is responsible for a number of functions associated with daily life such as 
when an individual lifts up onto the balls of their feet to reach a high shelf, climbs a flight of stairs or moves 
their leg to kick a football. The gastrocnemius muscle forms the major bulk at the back of lower leg and is a 
very powerful muscle. For this reason, the gastrocnemius muscle can be strongly developed in individuals 
who are active or who do a lot of reaching or stair climbing daily. However, in individuals who are not active, 
the muscle may be under-developed and weakened. In recent studies neurophysiological taping/strapping 
has been shown to have a marked effect on the gastrocnemius muscle by increasing the peak force 
immediately after the application of the tape (Lumbroso, Ziv, Vered & Kalichman, 2013). A change within the 
gastrocnemius muscle after two days of application was also noted. However, not many studies have been 
conducted to compare Kinesio® Tape in a long-term effect on the gastrocnemius muscle strength. 
 
1.2 Aim of the study 
 
The aim of this study was to determine the long-term effect of neurophysiological taping over a period of 
three weeks on the strength of the gastrocnemius muscle in asymptomatic (pain free) individuals. 
Additionally, the aim of this study was to evaluate any change in the peak force on the gastrocnemius muscle 
over the three-week period, thus providing more information regarding a more long-term effect in weeks for 
the taping rather than an immediate effect. This study may contribute more evidence on the efficacy of 
neurophysiological taping in the enhancement of muscular strength. 
Thirty participants were randomly allocated to one of two groups. Group 2 received neurophysiological taping 
applied to the gastrocnemius muscle bilaterally. Group 1, the control group, received hypoallergenic Cover-
Roll stretch tape applied to the gastrocnemius muscle bilaterally. Each group was treated twice a week for a 
period of three weeks. There was a seventh consultation for measurements. Furthermore, the peak force 
and changes to deficit levels on either side were measured in the participants.  
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1.3 Benefit of the study 
 
The benefits of this study demonstrated whether neurophysiological taping of the gastrocnemius muscle 
group had a long-term effect on the actual peak force and strength of the muscle. Participants benefited not 
only from an immediate effect but also from the possibility of a long-term effect from this study. Other benefits 
include the contribution of further evidence on the efficacy of neurophysiological tape in the treatment of 
increasing muscular strength, specifically to the gastrocnemius muscle. If this protocol of treatment to the 
gastrocnemius muscle group proves to be beneficial it will limit the variable of the patient compliance usually 
needed in standard strengthening protocols. Moreover, this study added to the overall understanding of 
neurophysiological taping and how to treat it within the scope of chiropractic.  
Chapter two will review the literature relevant to this study.  
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CHAPTER TWO - LITERATURE REVIEW 
 
2.1 Introduction 
 
When an individual is running, walking or jumping the gastrocnemius muscle provides a significant amount 
of propulsive forces in order for the body to propel into the air. For this reason, the gastrocnemius muscle 
can generate a great deal of force. The gastrocnemius muscle is activated by pointing the toes and lifting the 
heel off the ground; this is referred to as “plantar flexion” (Gatterman, 2005). The gastrocnemius muscle, 
along with the soleus muscle, is the main plantar flexor of the ankle joint. The muscle is a powerful knee 
flexor. It is not able to exert full power at both joints simultaneously. An example of this is how when the knee 
is flexed the gastrocnemius is unable to generate as much force at the ankle. The opposite is true when the 
ankle is flexed (Sareen, 2018). This movement is ultimately used daily by individuals and therefore needs to 
be strong and supported. Most individuals follow a regular workout schedule but neglect the gastrocnemius 
muscle. By giving equal importance to the gastrocnemius muscle it may lead to aesthetic and biomechanical 
benefits. The gastrocnemius muscle is often referred to as the “pseudo” or “periphery heart” because of its 
important function which is to return the blood from leg and foot to the heart. Because the gastrocnemius 
muscle plays a critical role in daily biomechanics it requires a great deal of maintenance. Therefore, the 
gastrocnemius muscle can be very developed and strong in those who are very agile or who do a lot of 
reaching or stair climbing each day. In individuals who are not active the gastrocnemius muscle may be 
under-developed and weakened (Nall, 2017).  
In recent studies and treatment methods neurophysiological taping/strapping has been shown to have an 
immediate effect on the strength and peak force of the gastrocnemius muscle by means of using the Kinesio® 
Tape application. The application of Kinesio® Tape to both the hamstrings and gastrocnemius muscles had 
a marked effect on the peak force generated by these muscles. In the case of the gastrocnemius muscle the 
test showed a marked increase in the peak force generated both immediately after application and when 
measured two days after the application. In the case of the hamstrings, however, there was no immediate 
marked increase in the peak force generated, but when measured again two days later a change was noted 
(Lumbroso, Ziv, Vered & Kalichman, 2013). This indicates that different muscles may have different reactions 
to the Kinesio® Tape even when they are applied in the same manner. However, in both cases the taped 
muscles showed a significant increase in strength. 
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2.2 Anatomy of the lower limb 
 
2.2.1 The femur 
 
The femur is the longest and heaviest bone in the human body. It consists of a shaft known as the body, and 
superior (proximal) and inferior (distal) ends (see figure 2.1). 
The proximal end consists of a head, a neck, and a greater and lesser trochanter. The head of the femur is 
covered with articular cartilage except for the medial aspect which houses the fovea, a depression or pit that 
allows for ligament attachment of the head. The greater trochanter is a large laterally-placed bone and 
projects superiorly and medially. The site where the neck joins the shaft of the femur creates the 
intertrochanteric line which is a rough ridge formed by the pull of the powerful iliofemoral ligament. Posteriorly 
the two trochanters are joined to form the intertrochanteric crest. The medial and lateral femoral condyles 
make up the inferior end of the femur; these are separated posteriorly and inferiorly by the intercondylar fossa 
but merge anteriorly to form the patella surface (Moore, Dalley & Agur, 2010).    
 
Figure 2.1: (A) anterior view of right femur (B) posterior view of right femur (Moore, Dalley & Agur, 
2010) 
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2.2.2 Tibia and fibula 
 
The tibia and fibula are the long bones of the lower part of the leg. The tibia articulates with the condyles of 
the femur on its upper end or superior end and the talus on its lower end or inferior end. The main function 
of the fibula is to attach the muscles of the lower limb. Additionally, the fibula is important for the stability of 
the ankle joint. Both the tibia and fibula are connected by a dense interosseous membrane which consists of 
a strong oblique fibre (Moore, Dalley & Agur, 2010) (see figure 2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Tibia and fibula interosseous membrane (Moore, Dalley & Agur, 2010) 
 
2.2.3 Bones of the foot 
 
The bones of the foot consist of: 
1. The tarsus 
2. The metatarsus 
3. The phalanges  
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The tarsus consists of seven tarsal bones: the talus, calcaneus, cuboid, navicular and three cuneiforms. The 
talus is the only bone that articulates with the tibia (see figure 2.3). 
 
  
 
 
 
 
 
 
 
 
Figure 2.3: Superior view of the foot (Moore, Dalley & Agur, 2010) 
 
The metatarsus consists of five metatarsals that are numbered from the medial side of the foot (see figure 
2.3). The first metatarsal is shorter than the other metatarsals and the second metatarsal is the longest. Each 
metatarsal has a proximal base, a shaft and a distal head. 
There are fourteen phalanges. They can be described as the first digit having two phalanges (proximal and 
distal) and the other four digits having three phalanges each (proximal, middle and distal). Each phalanx has 
a base (proximally), a shaft and head (distally) (Moore, Dalley & Agur, 2010). 
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2.3 Vascular supply of the lower limb 
 
2.3.1 Thigh and gluteal region 
 
2.3.1.1 Femoral artery 
 
The femoral artery is regarded as the main artery of supply for the lower limb. It is a terminal branch of the 
abdominal aorta which is a continuation of the external iliac artery. The femoral artery is derivative of the 
external iliac artery when it crosses under the inguinal ligament and enters the femoral triangle (Volker, 
2018).  
 
Within the femoral triangle the profunda femoris artery arises from the posterolateral aspect of the femoral 
artery. It courses itself posteriorly and distally, giving off three main branches (see figure 2.4): 
 The perforating branches consist of three or four arteries that perforate the adductor magnus muscle, 
contributing to the supply of the muscles in the medial and posterior thigh. 
 The lateral femoral circumflex artery wraps around the anterior, lateral side of the femur, supplying 
some of the muscles on the lateral aspect of the thigh. 
 The medial femoral circumflex artery wraps around the posterior side of the femur, supplying its neck 
and head. In a fracture of the femoral neck this artery can easily be damaged and avascular necrosis of 
the femur head can occur (Jones, 2019). 
 
 
 
 
 
 
 
 
 
Figure 2.4: The anatomical course of the femoral artery and its branches (Jones, 2019) 
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Once the femoral artery exits the femoral triangle it continues down the anterior surface of the thigh via 
the adductor canal. As the femoral artery descends it supplies the anterior thigh muscles. The adductor canal 
ends at the adductor magnus muscle which is known as the adductor hiatus. The femoral artery enters 
through the adductor hiatus and passes through the posterior compartment of the thigh which is proximal to 
the knee.  The femoral artery is now known as the popliteal artery (Moore, Dalley & Agur, 2010), (Jones, 
2019). 
 
2.3.1.2 Boundaries of the femoral triangle 
 
In the thigh region the femoral artery passes through the femoral triangle. The femoral triangle is a wedge-
shaped depression created by the muscles in the upper thigh region. The medial and lateral boundaries of the 
femoral triangle are formed by the medial borders of the adductor longus and sartorius muscle respectively. 
The roof of the femoral triangle is bordered by the fascia lata while the floor is formed by the pectineus and 
adductor longus muscles medially, as well as the iliacus and psoas major muscles laterally. Within the femoral 
triangle the femoral artery is covered in a femoral sheath along with the femoral vein. The femoral artery and 
its branches supply most of the thigh region in addition to the entire leg and foot (Goffin, O'Leary & Chaves, 
n.d) (see figure 2.5). 
To summarise, the femoral triangle is as follows: 
 The lateral border: medial border of sartorius muscle. 
 The medial border: medial border of adductor longus muscle. 
 The base of the triangle: inguinal ligament. 
 The apex of the triangle: formed by the meeting points of the medial edges of the adductor longus and 
sartorius muscle. 
 The floor of the triangle: gutter-shaped and muscular. From both lateral to medial sides it is formed by 
the following muscles: 
 The iliacus. 
 The psoas major (tendon). 
 The pectineus. 
 The adductor longus. 
 The roof: formed by the fascia lata. 
 The primary contents of the femoral triangle consist of the following: 
 The femoral artery and its branches. 
 The femoral vein and its tributaries. 
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 The femoral nerve. 
 Deep inguinal lymph nodes. 
 The lateral cutaneous nerve of the thigh. 
 In addition to these structures the femoral triangle includes: 
The femoral branch of the genitofemoral nerve and fibro fatty tissue (see figure 2.5). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5: Boundaries of the femoral triangle (Volker, 2018) 
 
2.3.1.3 Other arteries of the thigh 
 
In addition to the thigh region there are many other vessels supplying the lower limb. They include: 
 The obturator artery, which arises from the internal iliac artery in the pelvis.  It courses in a downward 
direction via the obturator canal to enter the medial thigh, bifurcating into two branches which are: 
 The anterior branch, which supplies the pectineus, obturator externus, adductor and gracilis muscle. 
 The posterior branch, which supplies some of the deep gluteal muscles. 
 The gluteal region, which receives blood supplied by the superior and inferior gluteal arteries.  
 The superior gluteal artery, which leaves the sciatic foramen above the piriformis muscle; the inferior 
gluteal artery contributes to the vasculature of the posterior thigh (see figure 2.6). 
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Figure 2.6: Other arteries contributing to the thigh region (Jones, 2019) 
 
2.3.2 Leg region 
 
2.3.2.1 Popliteal artery 
 
The popliteal courses down the posterior thigh region, thus giving rise to the genicular branches that supply 
the knee joint. It passes through the popliteal fossa and exits between the gastrocnemius and popliteus 
muscles. At the inferior aspect of the popliteus the popliteal artery divides into the anterior tibial artery and 
the tibioperoneal trunk. In turn, the tibioperoneal trunk bifurcates into the posterior tibial and the fibular 
arteries (TeachMeAnatomy, n.d) (see figure 2.7). 
 
2.3.2.2 Posterior tibial and fibular artery 
 
The posterior tibial artery continues inferiorly along the surface of the tibialis posterior. It inserts to the sole 
of the foot via the tarsal tunnel, accompanying the tibial nerve. 
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The fibular artery, also known as the peroneal artery, descends posteriorly to the fibula in the posterior 
compartment of the leg. This gives rise to perforating branches which pierce the intermuscular septum to 
supply the muscles in the lateral compartment of the leg (see figure 2.7). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: (i) posterior view of the leg (ii) anterior view of the leg and its arteries (Jones, 2019) 
 
The anterior tibial artery passes in front of the tibia and fibula between the two through the interosseous 
membrane. In addition, it moves inferiorly down the entire length of the leg and courses into the foot where 
it becomes the dorsalis pedis artery (Moore, Dalley & Agur, 2010) (see figure 2.7). 
 
2.3.3 Foot region 
 
Arterial supply to the foot region is delivered via two arteries: 
1. The dorsalis pedis artery, which is a continuation of the anterior tibial artery, 
And 
2. The posterior tibial artery. 
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2.3.3.1 Dorsalis pedis and posterior tibial artery 
 
The dorsalis pedis artery originally courses as the anterior tibial artery and enters the foot region. It passes 
over the upper side of the tarsal bones, moving downwards towards the sole of the foot. The dorsalis pedis 
undergoes anastomoses with the lateral plantar artery to form the deep plantar arch. Via the deep plantar 
arch, the dorsalis pedis artery supplies the tarsal bones and the dorsal aspect of the metatarsals. This also 
contributes to the supply of the toes (TeachMeAnatomy, n.d), (Moore, Dalley & Agur, 2010). 
The posterior tibial artery inserts into the sole of the foot through the tarsal tunnel which causes a split on the 
artery into a lateral and medial plantar artery. In turn, these medial and lateral plantar arteries supply the 
plantar side of the foot and thus also contribute to the supply of the toes via the deep plantar arch (Moore, 
Dalley & Agur, 2010). 
 
2.3.4 Vascular anatomy of the gastrocnemius muscle 
 
The gastrocnemius muscle consists of a medial and lateral component which each have independent 
vascular supplies. The medial gastrocnemius muscle is nourished by the medial sural artery, while the lateral 
is supplied by the lateral sural artery. Both arteries originate from the popliteal artery. The nerve supply to 
both components is also independent and branches from the tibial nerve into the medial and lateral 
gastrocnemius muscles independently (see figure 2.8), (Rudolf Buntic, 2001). 
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Figure 2.8: Vascular anatomy of the gastrocnemius muscle (Rudolf Buntic, 2001) 
 
2.4 Nerve supply of the lower limb 
 
2.4.1 Lumbar plexus 
 
The lumbar plexus contributes nerve supply to the skin and musculature of the lower limb. It is located within 
the lumbar region between the psoas major muscle and the anterior to the transverse processes of 
the lumbar vertebrae. It is formed primarily by the anterior rami of the spinal nerves L1, L2, L3 and L4 and by 
receiving certain contribution from the thoracic region T12 (Davies, 2017) (see figure 2.9). 
 
The six branches of the lumbar plexus include (Moore, Dalley & Agur, 2010):  
1. The iliohypogastric nerve 
The iliohypogastric nerve is the first major branch of the lumbar plexus. 
Roots: L1 (with contributions from T12). 
Motor functions: innervates the internal oblique and transversus abdominis muscle. 
Sensory functions: innervates the posterolateral gluteal skin in the pubic region.  
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2. The ilioinguinal nerve 
The ilioinguinal nerve follows the same anatomical course as the larger iliohypogastric nerve.  
Roots: L1. 
Motor functions: innervates the internal oblique and transversus abdominis muscle. 
Sensory functions: innervates the skin on the upper middle thigh, the skin over the root of the penis and 
anterior scrotum, and the skin over the mons pubis and labia majora. 
 
3. The genitofemoral nerve 
The genitofemoral nerve quickly divides into a genital branch and a femoral branch. 
Roots: L1, L2. 
Motor functions: the genital branch innervates the cremasteric muscle. 
Sensory functions: the genital branch innervates the skin of the anterior scrotum in males and the skin over 
mons pubis and labia majora in females. The femoral branch innervates the skin on the upper anterior thigh. 
 
4. The lateral cutaneous nerve of the thigh 
This nerve has a purely sensory function. It enters the thigh at the lateral aspect of the inguinal ligament, 
providing cutaneous innervation to the skin. 
Roots: L2, L3 
Motor functions: none. 
Sensory functions: innervates the anterior and lateral thigh down to the level of the knee. 
5. The obturator nerve 
Roots: L2, L3, L4. 
Motor functions: innervates the obturator externus, pectineus, adductor longus, adductor brevis, adductor 
magnu and gracilis muscles. 
Sensory functions: innervates the skin over the medial thigh. 
 
6. The femoral nerve 
Roots: L2, L3, L4. 
Motor functions: innervates the illiacus, pectineus and sartorius muscle, including all muscles of the 
quadriceps femoris. 
Sensory functions: innervates the skin on the anterior thigh and the medial leg. 
2.4.2 Sacral plexus 
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The sacral plexus contributes nerve supply to the skin and muscles of the pelvis and lower limbs. It is located 
within the surface of the posterior pelvic wall and anterior to the piriformis muscle. The sacral plexus is formed 
by the anterior rami of sacral spinal nerves S1, S2, S3 and S4, and receives additional contribution from 
spinal nerves L4 and L5 (Davies, 2019). 
The spinal nerves S1 – S4 form the base of the sacral plexus. These paired spinal nerves leave the spinal 
cord via the intervertebral foramina of the spine. They then divide into anterior and posterior nerve fibres. 
The anterior fibres of the spinal nerves - S1, S2, S3, and S4 - give rise to the sacral plexus. Moreover, levels 
L4 and L5 combine to form the lumbosacral trunk, ultimately moving down into the pelvis to emerge with the 
sacral roots from the spinal cord. 
The anterior rami of the S1-S4 spinal roots along with the lumbosacral trunk divide into cords. These cords 
combine to form five major peripheral nerves of the sacral plexus (Davies, 2019) (see figure 2.9). 
The five branches of the sacral plexus include (Moore, Dalley & Agur, 2010): 
1. The superior gluteal nerve 
The superior gluteal nerve leaves the pelvis via the greater sciatic foramen and enters the gluteal region 
superiorly to the piriformis muscle. 
Roots: L4, L5, S1. 
Motor functions: innervates the gluteus minimus, gluteus medius and tensor fascia lata. 
Sensory functions: none. 
2. The inferior gluteal nerve 
The inferior gluteal nerve leaves the pelvis via the greater sciatic foramen and enters the gluteal region 
inferiorly to the piriformis muscle. 
Roots: L5, S1, S2. 
Motor functions: innervates the gluteus maximus muscle. 
Sensory functions: none. 
 
3. The sciatic nerve 
The sciatic nerve has two components: 
The tibial and common fibular component, that contribute to motor and sensory function. 
Roots: L4, L5, S1, S2, S3 
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Motor functions: 
 The tibial component innervates the muscles in the posterior compartment of the thigh and the 
hamstring.  
 The common fibular component innervates the short head of the biceps femoris and all the muscles 
of the anterior and lateral compartments of the leg, including the extensor digitorum brevis muscle. 
Sensory functions: 
 The tibial component innervates the skin of the posterolateral and medial surfaces of the foot in 
addition to the sole of the foot. 
 The common fibular component innervates the skin of the anterolateral surface of the leg and the 
dorsal aspect of the foot. 
 
4. The posterior cutaneous nerve 
The posterior cutaneous nerve of the thigh exits the pelvis via the greater sciatic foramen and enters the 
gluteal region inferiorly to the piriformis muscle. 
Roots: S1, S2, S3 
Motor functions: none 
Sensory functions: innervates the skin of the posterior surface of the thigh and leg including the skin of the 
perineum. 
5. The pudendal nerve 
The pudendal nerve leaves the pelvis via the greater sciatic foramen and re-enters via the lesser sciatic 
foramen. 
Roots: S2, S3, S4 
Motor functions: innervates the skeletal muscles in the perineum, the external urethral sphincter, the external 
anal sphincter, and the levator ani muscle. 
Sensory functions: innervates the penis and the clitoris and most of the skin of the perineum. 
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Figure 2.9: Anatomic demonstration of the lumbar and sacral plexus (Davies, 2019) 
 
2.4.3 Tibial nerve 
 
2.4.3.1 Overview of the tibial nerve 
 
Nerve roots: L4-S3 
Sensory functions: innervates the skin of the posterolateral side of the leg, lateral side of the foot, and the 
sole of the foot. 
Motor functions: innervates the posterior compartment of the leg - the gastrocnemius muscle (Moore, Dalley 
& Agur, 2010). 
 
2.4.3.2 Anatomical course of the tibial nerve 
 
The tibial nerve originates as a branch of the sciatic nerve. It arises at the apex of the popliteal fossa. It is 
coursed through the popliteal fossa, thus giving off branches to the muscles within the posterior compartment 
of the leg region. The sural nerve receives contributions from the tibial nerve by means of branches which 
provide innervation to the posterolateral aspect of the leg. 
As the tibial nerve descends the leg it is coursed passed the posterior aspect of the tibia, thus supplying 
innervation to the muscles of the posterior aspect of the leg such as the gastrocnemius muscle. 
At the foot the nerve passes the medial malleolus posteriorly, and inferiorly via the tarsal tunnel. Distal to this 
tunnel, the tibial nerve terminates by dividing into sensory branches which innervate the sole of the foot 
(Archer, 2017), (see figure 2.10). 
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Figure 2.10: Anatomical course of the tibial nerve (Archer, 2017) 
 
2.4.3.3 Motor function of the tibial nerve 
 
The tibial nerve innervates all muscles within the posterior compartment of the leg region. 
The posterior compartment is divided into a deep and superficial compartment: 
 
Deep compartment: 
 Popliteus – Laterally rotates the femur on the tibia to unlock the knee. 
 Flexor hallucis longus – Flexes the big toe and the plantar flexes the ankle. 
 Flexor digitorum longus – Flexes the other digits and the plantar flexes the ankle. 
 Tibialis posterior – Inverts the foot and the plantar flexes the ankle. 
 
Superficial compartment: 
 Plantaris – The plantar flexes the ankle. 
 Soleus – The plantar flexes the ankle. 
 Gastrocnemius – The plantar flexes the ankle and the knee (Archer, 2017). 
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2.4.3.4 Sensory function of the tibial nerve 
 
Within the popliteal fossa cutaneous branches of the tibial nerve are present and, along with the common 
fibular nerve, form the sural nerve. This sensory nerve innervates the skin of the posterolateral side of the 
leg and the lateral side of the foot (see figures 2.11). 
The sole of the foot receives innervation from the tibial nerve via three branches: 
1. The medial calcaneal branches which innervate the skin over the heel. 
2. The medial plantar nerve which innervates the plantar surface of the medial three and a half digits. 
3. The lateral plantar nerve which innervates the plantar surface of the lateral one and a half digits and 
the associated sole area (Archer, 2017).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 2.11: Cutaneous innervation to the posterior leg and plantar aspect of the foot. Tibial nerve 
contributes via the sural nerve and calcaneal branches (Archer, 2017) 
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2.5 Musculature of the lower limb 
 
Movement that occurs at the thigh region involves muscles that have origins on some part of the pelvic girdle 
and their insertions on the femur. The posterior aspect of the leg has the largest group of muscle mass.  
The gluteal muscles initiate an adduction movement of the thigh, while the iliopsoas flexes the thigh. The 
muscles in the medial compartment adduct the thigh (see figure 2.12). 
The quadriceps femoris muscle group straightens the leg at the knee, while the hamstrings are antagonists 
to the quadriceps femoris muscle group that are used to flex the leg at the knee. Muscles that allow movement 
to the ankle and foot are divided into anterior, posterior, and lateral compartments. The tibialis anterior, that 
dorsiflexes the foot, is antagonistic to the gastrocnemius and soleus muscles that plantar flex the foot (Moore, 
Dalley & Agur, 2010). 
 
 
 
 
 
 
 
 
 
 
Figure 2.12: Muscles of the lower limb (Jones, 2018) 
 
2.5.1 The Gastrocnemius muscle 
 
The gastrocnemius muscle is located at the posterior aspect (back) of the lower leg. It is one of two major 
muscles that make up the calf area. The other major calf muscle, the soleus, is a flat muscle that lies 
beneath the gastrocnemius muscle. Both muscles run along the entire length of the lower leg (see figure 
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2.13). A third muscle, the plantaris muscle, extends down from the knee and lies between the 
gastrocnemius and the soleus (Moore, Dalley & Agur, 2010). Action of the gastrocnemius pulls the heel up 
and thus extends the foot downward; the muscle provides the propelling force in running and jumping 
(Britannica, 1998). 
The gastrocnemius muscle branches superiorly (top) behind the knee; these two branches are known as 
the medial and lateral heads.  
The lateral head of the gastrocnemius muscle originates on the lateral aspect of the lateral condyle of 
femur and inserts on the posterior surface of the calcaneus via the calcaneal tendon. It is innervated by the 
tibial nerve (S1, S2) (Moore, Dalley & Agur, 2010).   
The medial head of the gastrocnemius muscle originates on the popliteal surface of the femur superior to 
the medial condyle and inserts on the posterior surface of the calcaneus via the calcaneal tendon. It too is 
innervated by the tibial nerve (S1, S2) (Moore, Dalley & Agur, 2010). 
The main action of both the lateral and medial heads of the gastrocnemius is the plantarflexion of the ankle 
when the knee is extended (Masquelet & Sassu, 2009). The flexing of this muscle during walking and the 
bending of the knee creates traction on the femur which pulls it towards the tibia and causes the knee to 
bend (Mann & Hagy, 2014). Both the gastrocnemius and the soleus muscles connect onto the Achilles tendon 
which is the strongest and thickest tendon in the human body. The tendon originates approximately six inches 
above the heel, running down the centre of the leg to connect to the heel below the ankle (Healthline medical, 
2015). 
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Figure 2.13: Posterior view of the gastrocnemius muscle including a dissected view illustrating the 
soleus muscle (Carey, 2016) 
 
2.6. Biomechanics involving the gastrocnemius muscle during activity 
 
During walking, running and tip-toe movements the gastrocnemius muscle should provide most of the 
propulsive power needed. Usually in individuals with neuromuscular disorders the gastrocnemius muscles 
are weakened, which in turn decreases propulsive power during push off. This causes an extra need for 
compensatory positive power elsewhere, which is frequently considered to be mechanically less efficient. 
Any increase in the metabolic cost of walking is observed as either the individual’s inability to activate the 
gastrocnemius muscle efficiently or a general muscle weakness within the gastrocnemius. 
When the calf muscles are generally weakened, and ankle power is decreased, the upward acceleration of 
the individual’s body and its centre of mass, pre-emptive to contralateral foot collision, will be lowered and 
will consequently lead to the foot hitting the ground at a higher velocity. This higher velocity results in more 
energy dissipation at a contralateral heel strike (Waterval, Brehm, Ploeger, Nollet & Harlaar, 2018). 
During a normal gait cycle the gastrocnemius muscle is activated as the individual initiates their first steps - 
the moment the individual’s heel leaves the ground and initiates a plantarflexion type movement of the foot. 
This primarily generates a positive power as 35–45% of the total power is generated at the ankle joint. This 
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specific type of power is used for forward propulsion during pre-swing and to accelerate the body’s centre of 
mass upward prior to and at the moment of contralateral heel strike (Waterval, Brehm, Ploeger, Nollet & 
Harlaar, 2018).  
 
2.7 Taping techniques 
 
2.7.1 Sports taping 
 
Many therapy choices have been addressed to source discomfort in both athletic and sedentary individuals. 
Such choices include direct stabilization and support of the affected area by means of braces of various 
descriptions. These devices provide an effective and temporary relief from pain and symptoms (Kase, Wallis 
& Kase, 2003). The Kinesio® Taping Association International (2011a) recognises three main taping 
techniques within therapeutic communities: The Kinesio® Taping method, the McConnel® Taping Technique 
and Prophylactic Athletic Taping. 
 
2.7.1.1 Prophylactic Athletic Taping Technique 
 
The primary function of athletic taping techniques is to limit or help assist the movement of joints for acute 
injuries or to prevent injury. This form of taping is applied as it offers a compressive force to the skin, muscles 
and joints underlying it, and, in turn, requires proper preparation to the surface of the skin for the tape prior 
to application. The tape itself possesses properties of limited wear and tear and is usually applied to the 
surface immediately prior to any activity and taken off the skin shortly afterwards. Moisture entrapment may 
be a cause of skin irritation in some individuals, as well as latex content, joint compression, skin compression 
and muscle compression (Kinesio® Taping Association International, 2011). 
 
2.7.1.2 McConnel® Taping Technique 
 
The McConnel® Taping Technique is a strapping or bracing technique that ultimately makes use of extremely 
rigid tape which is placed over a cotton mesh and is largely accepted by the medical and sporting 
communities. This specific type of taping method is applied as it affects the amount of pathological movement 
and biomechanics of a joint. To prevent any skin irritations to the area the tape should not be left on the 
surface of the skin for longer than eighteen hours. Skin irritations may arise due to moisture entrapment, skin 
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compression, muscle compression, joint compression and latex content (Kinesio® Taping Association 
International, 2011a). Primarily the tape assists with neuromuscular re-education (Kase et al, 2003). 
According to Patel, Sisung and Yasukawa (2006) the non-stretch rigid tape is used to support and protect a 
structure of a joint or to limit any unwanted movement of the joint. However, Macmahon, Bragg, Yerby, 
Matheson and Carter (2002) found that athletic tape applied after approximately twenty minutes of exercise 
loses the ability to restrict the movement of a joint and has poor adhesive quality when wet. Therefore, 
according to Simoneau, Degner, Kramper and Kittleson (1997), the effects of specific type taping may be 
due to the cutaneous stimulation of the proprioceptive and sensorimotor systems. 
 
2.7.1.3 Kinesio® Taping Technique 
 
To aid the body’s fundamental ability to selfheal the method of Kinesio® Taping was designed. Without 
limiting the range of motion of the body, it has the power to brace and secure muscles and joints. The tape 
stimulates circulatory and neurological systems, encourages lymphatic and venous flow, offers stability to 
wounded joints and decreases inflammation (Kase et al, 2003). Kinesio® Tape causes an increase in 
proprioception through increased stimulations of the cutaneous mechanoreceptors; this is done by stretching 
the skin and applying negative and positive pressures to it (Halseth, McChesney, DeBeliso, Vaughn and 
Lien, 2004). Furthermore, taping affects blood circulation to the area by providing continuous stimulation to 
the skin and subcutaneous tissues (Tsiaprailis, 2016). As reported by the Kinesio® Taping Association 
International (2011a) the tape is considered to be a modality which has nonstop beneficial therapeutic visits, 
which consequently increases the function of several tissues and aids the body to achieve homeostasis and 
normal functioning.    
According to SaAvedar-Hernadez et al. (2012) the tape is impermeable, absorbent, adherent, has a size of 
five centimetres and a thickness of 0.5 millimetres. Kinesio® Tape is built with 100% elastic fibres and cotton. 
Its adherent is 100% medicinal grade, fire-resistant, and its pigment contains no medication. The diameter 
and mass of the tape and skin are alike, and its wave-like markings adherent are similar to that of a fingerprint 
allowing the skin to breathe (Thelen, Dauber and Stoneman, 2008). There is a standard range of motion 
when the tape is used and will be kept on the skin for three to five days if the skin allows it. For the endurance 
of the tape to be worn in the shower and while swimming cotton fibres sheathe the elastic strands and allow 
for evaporation and rapid drying (Kase et al, 2003). According to Thelen, Dauber and Stoneman (2008) the 
set time to wear the tape is typically three to four days. Kinesio® Tape can also be used to facilitate, inhibit 
or provide structural support to the joints or muscles. Depending on the goal of the therapist, it will be applied 
with the muscle in a stretched or shortened position, and different tensions are applied on the tape during 
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the application. Many areas or body parts can be treated effectively with this tape (Physical Therapy web, 
2018). 
To decrease pain and inflammation, reduce overexerted muscles and support muscles and joints while 
preserving typical range of motion the Kinesio® Tape is placed on the skin over joints and muscles (Thelen 
et al, 2008). As stated in Kinesio® Taping Association International (2011a) the tape is used to heal those 
individuals with damaged tendons, damaged ligaments, damaged joints, neurological ailments, postural 
inadequacy, muscle inequality, scars, and circulatory and lymphatic ailments. 
According to the Kinesio® Taping Association International (2011a) the five significant bodily systems 
influenced by Kinesio® Taping are the skin and its receptors, superficial fascia, the muscles, the joints, and 
the lymphatic and circulatory systems. 
When applying the Kinesio® Tape it alters the tension within essential features of the body’s tissues. Due to 
the body being self-sufficient and weight distributing, the body’s tissues respond to and remunerate for these 
alterations in tension (Kinesio® Taping Association International, 2011a). Depending on the goal of treatment 
the taping method varies according to pain relief, building up range of motion, encouraging lymphatic 
circulation and adjusting misalignments (Kase et al, 2003). 
When the accurate procedure of taping is employed the tape helps the muscles by aiding weaker muscles 
or calming over exerted muscles, reducing pain and lethargy and stimulating tissue recovery. Kinesio® Tape 
influences the joint motion by stabilizing muscles which contract while other muscles relax, by supporting 
ligament and tendon function, reducing muscle pain and by raising awareness about kinaesthesia (Kinesio® 
Taping Association International, 2011a). 
 
2.8 Trials involving Kinesio® Tape 
 
Kinesio® Tape was used by Murray (2001) to activate the rhomboid muscle group and to cause relaxation 
to the pectoralis muscles in aid of attempting to improve the posture of an individual as a way of alleviating 
upper extremity pain. She proceeded to recruit ten adult volunteers and made use of reflective markers that 
were placed at the sternal notch, inferior and superior angles of the scapula, the spinous process of the C7 
vertebra, the posterolateral angle of the acromion, lateral humeral epicondyle, radial tuberosity, top of the 
third metacarpophalangeal joint and the greater tuberosity of the femur of each individual within the study. 
By doing this she analysed the positioning of the scapula relative to the trunk of the individual. It was found 
that, with the activation of the rhomboids muscle group, the individuals’ postures were greatly improved. 
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Trials performed at a Spanish university made use of a double-blind placebo study that was used to 
investigate the effects of Kinesio® Tape. The study involved the use of healthy adult individuals. The 
application of Kinesio® Tape was used for half of the individuals while the other half received a “sham” tape. 
After the application of the tapes, measurements were immediately taken ten minutes later and again after 
twenty-four hours. The EMG studies revealed that the taped gastrocnemius muscle not only showed an 
immediate increase in its muscle activity but revealed an increase in its GM EMG which suggested a revealed 
result as an increase in central nervous system mechanisms in the area (Esteben, Garcia, Lazaro, Matineza, 
Rodrieguez and Soriano, 2012). In a similar study, the use of Kinesio® Tape was used and its effects on grip 
strength performed by Donec, Krisciunas and Varzaityte which showed a marked increase in key grip 
strength after a period of thirty minutes and one hour after the application of Kinesio® Tape. However, no 
change was noted in the strength immediately after application of the tape. The placebo group had no noted 
significant changes or increases in their key grip strength at any given moment. 
Kalichman, Lumbroso, Vered and Ziv found that the application of the Kinesio® Tape that was used to both 
the hamstring and gastrocnemius muscles had a marked effect on the actual peak force that was generated 
within the muscles. In the case of the gastrocnemius muscle group the results showed a marked increase in 
its peak force which was generated immediately after the application and then again when measured two 
days after the application. In the case of the hamstring muscle, no marked increase in the peak force was 
noted, however when measured two days later an increase was noted. This research indicated that there are 
different reactions to the application of Kinesio® Tape regarding different muscles, even when the tape is 
applied in the same manner. In both cases the application of tape showed a significant increase in strength. 
 
2.9 Hypoallergenic Cover-Roll Stretch Tape 
 
Cover-Roll Stretch Tape is a soft, stretchable, non-woven polyester material that easily adapts to body 
contours. A polyacrylate adhesive is used to hold the dressing safely and reliably in place, even when the 
patient sweats, bathes, or encounters moisture (Orthoco, n.d). Although the bandage is not waterproof, it is 
air and exudate-permeable. It is also radiolucent, or radio-transparent, eliminating the need to remove it for 
x-ray examinations. Cover-Roll Stretch Tape is hypoallergenic and is 100% latex-free (Medical Vitality, n.d). 
 
Features and benefits of hypoallergenic Cover-Roll Stretch Tape include: 
 Easy application 
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 Holds well to the contours of body 
 Allows for movement 
 Is available in a variety of widths 
 Is hypoallergenic 
 Is a durable adhesive 
 Is a breathable material 
 Is it radiolucent (Orthoco, n.d).   
2.10 Pain Gate Theory 
  
Even though this study does not make use of patients with pain within the gastrocnemius muscle. We 
cannot ignore the fact that the use of Kinesio® tape has an effect on pain and its receptors within the body. 
According to Melzack and Wall (1965) the pain gate theory proposed that pain transmission can be altered 
or modulated by the afferent input to the spinal cord. Pain results from several complex patterns that interact 
with slow and fast pain fibres, and descending fibres from the brain. The ‘gate-like’ mechanism is located in 
the dorsal horn, also known as the substantia gelatinosa, whereby nerve impulses from the peripheral 
receptors via the A-delta, C fibres and the large touch fibres (A-beta) enter the spinal cord (see figure 2.14). 
A-delta fibres are finely-myelinated and transmit a superficial somatic-type pain which is sharp and pricking 
in nature. These types of fibres are located in the epidermis of skin and the mucosa. Such pain fibres transmit 
rapidly at a rate of 12-80m/s (Hari, 2014). 
C fibres are small unmyelinated fibres that transmit deep somatic pain which is burning or aching in nature. 
Pain that results from these types of fibres is a result of the receptors being stimulated in the deep skin layers, 
muscles and joints. These types of pain fibres are slow and transmit at a rate of 0.4>1 m/s (Hari, 2014). 
A-beta fibres consist of large diameters which are myelinated and connect low threshold mechanoreceptors 
to the spinal cord. These types of fibres transmit stimuli, such as stretch and touch, and have a conduction 
velocity of 30-100m/s, being the fastest fibres involved (Hari, 2014).   
The opening or closing of this gate system is determined by the relative activity present within the large 
diameter of the A-beta and the small diameter of the C and A-delta fibres. 
Predominant activity in the large diameter fibres will ultimately close the gate system (no pain impulses reach 
the brain at this point) whereas predominant activity in the small fibres tend to close the gate system. 
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An essential element of the theory involves the descending inhibitory system and its influences on the 
opening and closing of the pain gate system (Hari, 2014). Large diameter afferent nerves, from low threshold 
mechanoreceptors, give off collateral branches at a segmental level of the spinal cord. These are responsible 
for activating and exciting the inhibitory interneurons which ultimately results in the suppression of the painful 
afferent impulses and, in turn, pain relief. Therefore, effective relief of pain can be achieved by stimulation of 
the low threshold receptors. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.14: Representation of the pain gate system (Hari, 2014)  
 
2.10.1 Descending pain inhibitory system 
 
It has been proven that the brain itself can control the input of pain signals to the spinal cord by simply 
activating the pain control system referred to as the analgesic system. This system consists of three 
components (Hari, 2014): 
1. Peri-aquaeductal grey matter: located in the mesencephalon and upper pons surrounding the 
aqueduct of Sylvius. 
2. Raphe magnus nucleus: a thin midline nucleus located in the pons and upper medulla.  
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3. Dorsolateral columns: located in the spinal cord.  
Nerves from the peri-aquaeductal grey (PAG) matter project to the raphe magnus nucleus (NRM). From this 
point the signals are transmitted along the dorsolateral columns to the pain (DLF). This is then transmitted 
towards the pain inhibitory complex which is located in the dorsal horn of the spinal cord. Pain can be blocked 
out at this point before it is destined for the brain. There are many transmitter substances that are involved 
in the analgesic system such as enkephalins and serotonin. Serotonin causes the release of enkephalins 
from the spinal cord, while enkephalins are believed to cause presynaptic inhibition of both types of small 
diameter fibres (C and A-delta) where they both synapse in the dorsal horn (Hari, 2014). 
 
Chapter three will discuss the method in which the study was conducted. 
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CHAPTER THREE – METHODOLOGY 
 
3.1 Introduction 
 
This chapter discusses the method in which the research was performed. It will outline the treatment 
procedures, protocols and measurement techniques used for the groups used throughout the study. 
 
3.2 Study design 
 
The study was an exploratory study that utilised convenience sampling and random group allocation of 
participants into two groups by simply choosing a coloured file labelled “1” or “2”. Participants did not know 
which taping was allocated to them. The study was approved by the University of Johannesburg’s Higher 
Degrees and Ethics Committee (Appendix A & B). 
 
3.3 Participant recruitment 
 
Participants were recruited using advertisements (Appendix C) which were placed around the University of 
Johannesburg, Doornfontein Campus, the Chiropractic Day Clinic, local shopping centres, gymnasiums and 
by word of mouth. Participants were accepted based on inclusion and exclusion criteria. An explanation was 
given on how the research would be performed. The reading of an information form (Appendix D) and signing 
of a consent form (Appendix E) were completed by each participant. 
 
3.4 Sample selection and size  
 
Thirty participants were recruited for the study. The participants were males and females between the ages 
of eighteen and thirty-five years old. The recruited participants were asked to read an information form 
(Appendix D) and to sign a consent form (Appendix E) specific to this study, confirming that they understood 
the procedure involved in the study. 
The participants were screened for the inclusion and exclusion criteria and were required to meet the 
necessary studies standard. If any participant did not meet the requirements of the study, they were thanked 
for volunteering and informed that they were not able to participate. Those participants who met the 
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requirements for the study were randomly allocated into two groups consisting of fifteen participants. 
Recruitment for participants for the study carried on until thirty participants met the all the criteria and were 
participating in the study.  
3.5 Inclusion criteria 
 
 Participants were required to be between the ages of eighteen and thirty-five. The specific age 
groups were chosen to limit the possibility of degenerative change within the participant, which is 
often seen in older age groups (Kelly, Groarke, Butler, Poynton and O’Byrne, 2011). 
 Both females and males were included as the study required any asymptomatic person with no 
pathology to the gastrocnemius muscle.  
 Participants were of or above the age of eighteen to rule out the need for parental consent. 
 The participants were required to have no known trauma to the gastrocnemius muscle, and a non-
pathological gastrocnemius muscle and Achilles tendon.  
 The participants needed to acknowledge that they needed to sign a consent form and a reading of 
an information sheet. 
 
3.6 Exclusion criteria 
 
Potential participants for the study were carefully screened prior to being accepted. Exclusion criteria 
involved: 
 Participant who had any allergy towards the adhesives used on the Kinesio® Tape or if they 
developed allergies during the study. 
 Those participants who had received, or were receiving, any other form of treatment such as 
physiotherapy, other chiropractic manipulative therapy or any medication such as muscle relaxants 
or anti-inflammatories to the lumbar spine or gastrocnemius muscle group in the past month prior to 
the start of the study. 
 Those participants who received any treatment to the gastrocnemius muscle during the course of 
the trial, including manual therapy such as message to the muscle itself. 
 Any participant who had a contra-indication to neurophysiological taping (Appendix G). 
 A participant was excluded if they had a known pathology of the gastrocnemius muscle, such as a 
muscle or ligament rupture or a previous injury to the gastrocnemius muscle such as a strain or 
ligament sprain in the last six months.  
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3.7 Group allocation 
 
Participants of either gender who met the inclusion criteria were randomly assigned into one of a possible 
two groups. Each group consisted of fifteen participants. Participants were assigned to their group by 
choosing a coloured file labelled either “1” or “2”; they did not know which taping was allocated. Participants 
who picked the colour file labelled ‘1’ were allocated to the hypoallergenic Cover-Roll Stretch Tape group 
which was allocated as the control group. Participants who picked the colour file labelled 2’ were allocated 
to the Kinesio® Tape group. Both groups received their allocated strapping to both gastrocnemius muscles. 
 
3.8 Treatment approach 
 
3.8.1 First visit 
 
The first visit included the following: 
 Upon arrival, an explanation was given to each individual on how the research would be performed. 
Each individual then read the information form and signed a consent form. 
 A completion of a thorough case history (Appendix H). 
 A completion of a physical examination (Appendix I). 
 A completion of a lumbar spine regional examination (Appendix J). 
 A completion of a foot and ankle regional examination (Appendix K). 
 A completion of a summarised assessment form known as a SOAP note (Appendix L). 
 A palpation of both gastrocnemius muscles ensuring that no dysfunction and abnormality were 
present on each individual. 
 Individuals’ weight, height and age were captured by the machine’s database for statistical purposes. 
 Individuals were asked to lay prone to ensure complete contact with the power plate being used and 
footwear was allowed for this specific testing. 
 An objective measurement performed by the researcher of both gastrocnemius muscles of each 
individual was taken using Cybex Isokinetic muscle testing (Appendix M) and transcribed onto the 
data record sheet provided by the machine (Appendix N).  
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 Individuals received one of the following treatments (depending on their allocated group): 
 Group 1 - Received Hypoallergenic Cover-Roll Stretch Taping (control group) on the 
gastrocnemius muscle 
 Group 2 - Received neurophysiological taping in the form of Kinesio® Tape on both 
gastrocnemius muscles 
 
3.8.2 Follow-up visit 
 
Follow-up visits took place twice a week for three weeks and included the following: 
 Palpation of both gastrocnemius muscles ensuring that no dysfunction and abnormality were present 
on each individual that may have occurred after the first treatment of the study. 
 Results of the palpation and examination were recorded in a SOAP note (Appendix L). 
 The removal of the Kinesio® Tape and hypoallergenic Cover-Roll Stretch Tape from the participants’ 
prior visit. 
 During the fourth and seventh follow-up visits objective measurements were performed by the 
researcher of both gastrocnemius muscles of each individual and were recorded onto the data record 
sheet provided by the machine (Appendix N) 
 During their fourth week, which consisted of the seventh follow-up visit, no treatment was 
administered as only readings of objective data were taken for each individual. Furthermore, no 
taping method was provided for either group. 
 Individuals received one of the following treatments (depending on their allocated group): 
 Group 1- Received hypoallergenic Cover-Roll Stretch Taping (control group) on the 
gastrocnemius muscle. 
 Group 2 - Received neurophysiological taping in the form of Kinesio® Tape on both 
gastrocnemius muscles. 
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3.8.3 Measurements 
 
3.8.3.1 Objective data 
 
Each individual within the study, regardless of their group allocation, received three objective measurements. 
The primary measurement was that of a two-speed protocol of torque versus time curves of both the right 
and left gastrocnemius muscles, using the Cybex Isokinetic muscle strength machine (Appendix O) on the 
first, fourth and seventh visit. The machine was readily-available for this study at the University of 
Johannesburg Biokinetics Clinic. 
 
Cybex Isokinetic muscle strength machine 
 
The Cybex Isokinetic muscle strength machine was used for this research study to collect all objective data. 
The machine was the first electromechanical dynamometer to investigate the test-retest reliability. It was 
established to ensure that values for torque, work, range of motion, power and speed were reliable under the 
test-retest conditions (Moffroid, Whipple, Hofkosh, Lowman & Thistle, 2014). 
The setting up of the machine required that the Cybex Isokinetic muscle strength machine be switched on 
prior to the computer being switched on. The back rest of the seat of the machine needed to be placed 
completely flat down to ensure that the individuals were placed in a prone position (see figure 3.1). Each 
individual was instructed to lie prone (face down) on the prepared seat where they were strapped in place 
along the posterior (back) aspect of the back region to ensure that no movement of the trunk occurred. This 
assisted with the plantarflexion and dorsiflexion of the ankle joint during the test (see figure 3.1). 
The individuals were asked to keep footwear on for this specific test as maximum contact was needed for 
the power plate. The individuals’ feet were strapped into a neutral position on the power plate for the test to 
resume (see figures 3.1 & 3.2). 
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Figure 3.1: Placement of the Cybex Isokinetic machine and positioning of the patient (photograph 
by researcher, 2018) 
 
 
 
 
 
 
 
Figure 3.2: Ankle strapped in a neutral position (photograph by researcher, 2018) 
 
Once the individual was set up comfortably on the machine their age and weight were recorded onto the 
HUMAC software which was available for this research.  
The following protocol was done only on the first visit with the machine: 
 Individual’s age and weight were recorded onto the computer. 
 The individual’s name was recorded for future data. 
36 
 
 Each individual was selected to do a test of ankle plantarflexion/dorsiflexion in a prone position on 
the software. 
 Furthermore, a two-speed protocol for torque versus time curves was selected on the same software 
for each individual regardless of group allocation. 
 A setting of 30-30 d/s was selected along with the speed protocol that terminated at five repetitions 
with a rest between sets of ten seconds as each individual had to participate in two sets per right 
and left leg. 
Once the protocol was set up on the machine and the individual was comfortably secured to the machine the 
test began in the following manner: 
 Each individual’s right leg was tested first followed by the left leg. 
 A warmup test was first initiated to ensure that the individual knew what to do during the test. 
 During this warmup test the individual was required to participate in a plantarflexion/dorsiflexion 
movement of the ankle joint, initiating the test with a full dorsiflexion of the ankle (see figure 3.3) and 
ending the repetition with a full plantarflexion of the ankle (see figure 3.4). 
 Five repetitions were used for the warmup test in the following manner: 
 25% of the individual’s power. 
 50% of the individual’s power. 
 75% of the individual’s power. 
 100% of the individual’s power.  
 After the warmup test was completed, each individual was ready to perform a final test, for the data 
purposes of the study, by using 100% of their power throughout the five repetitions of the 
plantarflexion/dorsiflexion of the ankle. 
 All data was recorded on the HUMAC software (Appendix N) on the machine and saved after the 
first, fourth and seventh visit. 
 
 
 
 
 
Figure 3.3: Ankle in dorsiflexion during test (photograph by researcher, 2018) 
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Figure 3.4: Ankle in plantarflexion during test (photograph by researcher, 2018) 
 
3.8.4 Treatment protocol 
 
3.8.4.1 Palpation of gastrocnemius muscle 
 
All individuals within this study had both the right and left gastrocnemius muscles palpated prior to the 
first visit to ensure a non-pathological gastrocnemius muscle. Moreover, both gastrocnemius muscles 
were palpated after every subsequent visit. 
Each individual was asked to wear shorts or to roll up long pants or jeans above the knees. Additionally, 
individuals were asked to remove their shoes and socks for the palpation of the gastrocnemius muscles bi-
laterally. Individuals were asked to stand or lie down prone (face down). The researcher always stood or sat 
posteriorly (back) to the individual during the palpation period. 
 
The individual was asked to rest their hands on a wall for balance if they chose to stand. Individuals were 
then required to stand faced away from the researcher. Permission was asked once by the researcher to 
touch the area of the gastrocnemius muscle. When permission was granted the researcher then requested 
for the individual to stand on their tip-toe to accentuate the gastrocnemius muscles bi-laterally.  
 
With the patient relaxed and with permission, the researcher placed their fingers on the muscular medial 
(inner) and lateral (outer) heads of the gastrocnemius on the superficial upper aspect of the calf just  
below the posterior aspect of the knee. The researcher proceeded to palpate the calcaneal tendon (Achilles 
tendon). At this point it becomes easily visible and palpable on the distal superficial leg as the tendon attaches 
to the calcaneus.  
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3.8.4.2 Kinesio® Taping 
 
Individuals in Group 2 had Kinesio® Taping applied to the gastrocnemius muscle group at each visit. At the 
beginning of each visit the old tape was removed and the surface of the skin over the applied area was 
cleaned and examined for any adverse reactions to the tape (Da Silva, 2017). 
 
Preparation of the tape 
Two pieces of tape, each twenty-six centimetres in length, were cut and prepared during application. The 
corners of every piece of tape were rounded off to create two individual ‘I bands’. These ‘I bands’ were then 
prepared into two ‘Y bands’ by cutting through the midline of one end at approximately eighteen centimetres 
whereby the corners of the tape were rounded off once more (see figure 3.5). 
 
 
 
 
 
 
 
 
Figure 3.5: ‘Y band strap of Kinesio® Tape (photograph by researcher, 2018) 
 
The backing paper was torn roughly five centimetres from the anchor end to create a base for the tape (see 
figure 3.6). 
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Figure 3.6: Backing paper torn five centimetres from the anchor point (photograph by researcher, 
2018) 
 
Preparation of the taping surface 
 
The gastrocnemius muscle was located using the palpating method explained earlier in the chapter. The area 
of the gastrocnemius muscles bi-laterally was first cleaned with wipes and then cleaned with alcohol swabs 
and wiped with a paper towel to ensure that the area was dry and clean. 
 
Application of the tape 
 
Step 1 - Each individual was asked to lie in a prone position with their legs in a relaxed position and their 
shoes off on a plinth or chiropractic bed (see figure 3.7) 
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Figure 3.7: Step 1 - Application of Kinesio® Tape over gastrocnemius muscle group (photograph by 
researcher, 2018) 
 
Step 2- The base of the tape was applied to the insertion point of the Achilles tendon under the foot in the 
area of the heel after the backing paper had been removed. The base of the tape was applied with no stretch 
on the tape. The researcher ensured that the leg being strapped was kept in a dorsiflexed position by applying 
slight pressure with their knee to the foot (see figure 3.8). 
 
 
 
 
 
 
 
Figure 3.8: Step 2 - Application of Kinesio® Tape over the gastrocnemius muscle group 
(photograph by researcher, 2018) 
 
Step 3 - The backing paper of the mid-portion towards the anchoring point was removed and placed over the 
individual’s Achilles tendon with 15-20% stretch to the tape (see figure 3.9). Each strap of the ‘Y band’ was 
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applied along the medial and lateral boarders of the gastrocnemius muscle group bi-laterally with 15-20% 
stretch (see figure 310) (Kinesio® Tape Association International, 2011b). The tape was then rubbed down 
thoroughly to ensure optimal adhesion and in multiple directions to mould the tape to the area. 
 
 
 
 
 
 
 
 
Figure 3.9: Step 3 - Application of Kinesio® Tape over gastrocnemius muscle group (photograph by 
researcher, 2018) 
 
 
 
 
 
 
 
 
Figure 3.10: Step 3 - Application of Kinesio® Tape over gastrocnemius muscle group (photograph 
by researcher, 2018) 
 
Step 4- The same process was repeated to the opposite gastrocnemius muscle group. 
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3.8.4.3 Hypoallergenic Cover-Roll Stretch Taping 
 
In group 1 hypoallergenic Cover-Roll Stretch Tape was applied to the gastrocnemius muscle group of 
individuals at each visit. At the beginning of each visit the old tape was removed and the surface of the skin 
over the applied area was cleaned and examined for any adverse reactions to the tape (Da Silva, 2017). 
 
Preparation of the tape 
 
Two pieces of tape, each twenty-six centimetres in length, were cut and prepared per application. The corners 
of every piece of tape were rounded off to create two individual ‘I bands’. These ‘I bands’ were then prepared 
into two ‘Y bands’ by cutting through the midline of one end approximately eighteen centimetres in whereby 
the corners of the tape were rounded off once more (see figure 3.11). 
 
 
 
 
 
 
 
 
Figure 3.11: ‘Y’ band strap of Hypoallergenic Cover-Roll Stretch Tape (photograph by researcher, 
2018) 
 
The backing paper was torn at five centimetres from the anchor end to create a base for the tape (see 
figure 3.12). 
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Figure 3.12: Backing paper torn five centimetres from the anchor point (photograph by researcher, 
2018) 
 
Application of the tape 
 
Step 1 - Each individual was asked to lie in a prone position with their legs in a relaxed position and their 
shoes off on a plinth or chiropractic bed (see figure 3.7). 
Step 2- The base of the tape was applied to the insertion point of the Achilles tendon under the foot in the 
area of the heel after the backing paper had been removed. The base of the tape was applied with no stretch 
on the tape. The researcher ensured that the leg being strapped was kept in a dorsiflexed position by applying 
slight pressure with their knee to the foot (see figure 3.13). 
 
 
 
 
 
 
Figure 3.13: Step 2 - Application of Hypoallergenic Cover-Roll Stretch Tape over the gastrocnemius 
muscle group (photograph by researcher, 2018) 
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Step 3 - The backing paper of the mid portion towards the anchoring point was removed and placed over the 
individual’s Achilles tendon with no stretch to the tape (see figure 3.14). Each strap of the ‘Y band’ was 
applied along the medial and lateral borders of the gastrocnemius muscle group bi-laterally with no stretch 
(see figure 315). The tape was then rubbed thoroughly to ensure optimal adhesion and in multiple directions 
to mould the tape to the area. 
 
 
 
 
 
 
 
 
 
Figure 3.14: Step 3 - Application of Hypoallergenic Cover-Roll Stretch Tape over the gastrocnemius 
muscle group (photograph by researcher, 2018) 
 
 
 
 
 
 
 
 
Figure 3.15: Step 3 - Application of Hypoallergenic Cover-Roll Stretch Tape over the gastrocnemius 
muscle group (photograph by researcher, 2018) 
45 
 
Step 4 - The same process was repeated to the opposite gastrocnemius muscle group. 
 
Chapter four will discuss the results of this study that were obtained throughout the trial period. 
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CHAPTER FOUR – RESULTS 
 
4.1 Introduction 
 
This chapter presents the results that were obtained during the studies clinical trial. This was an exploratory 
study which consisted of two groups of fifteen individuals who were accepted and fully examined according 
to the studies exclusion and inclusion criteria. 
Random group allocation was used for this study and allocated treatment was assigned according to this 
random allocation. Group 1, which was the control group of this study, received Hypoallergenic Cover-Roll 
Stretch Tape to the gastrocnemius muscle bi-laterally. Group 2 received Kinesio® Tape to the gastrocnemius 
muscle bi-laterally. Each individual of these groups was allocated treatment twice a week for three weeks. A 
final reading was conducted during the fourth week - the seventh visit - as well as the first and fourth visits.  
Objective data was analysed by statisticians which was made readily available at the University of 
Johannesburg Kingsway Campus at STATKON (Appendix P). 
In the study the Shapiro-Wilk test was used for tests of normality. This was because the group sizes were 
under fifty individuals. Even though assumptions of normality and equal variances held true, non-parametric 
testing was utilised due to certain outliers beyond the average age group, still within the inclusion age group, 
affecting the parametric testing system since mean and standard deviation are affected both by these outliers, 
causing a distortion within those results. Non-parametric testing will be used because the sample size for the 
study was less than fifty individuals. In this study the non-parametric test, The Mann-Whitney test, was used 
to determine any statistically significant differences between two independent groups on a continuous 
measure. Furthermore, in this study the non-parametric test, the Friedman test, was used to determine if any 
changes over a time period in a specific group were present. As such, if any change was noted within this 
specific test, the Wilcoxon signed-rank test was then used to determine exactly when this change occurred 
in the testing period. For cross tabulation evaluation the Mcnemar-Bowker’s test was used to determine any 
positive value that was significant between two time periods. 
The results represented are of a small group of subjects and therefore no assumptions can be made about 
a population as a whole from this study. The p-value for all non-parametric tests were set at 0.05 and 
represented the level of significance of the latter results. 
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The data analysis included: 
 Demographic data analysis that consisted of age and gender 
 Objective data consisting of: 
 Peak torque analysis of both the right foot and the left foot 
 Coefficient variables of both the right foot and the left foot 
 Peak torque deficit ratio analysis 
 Cross tabulation analysis of deficit ratios 
 
4.2 Demographic Data Analysis 
 
Table 4.1: Demographic data 
Data 
 
Group 1 
(Hypoallergenic Cover-Roll 
Stretch Tape) 
Group 2 
(Kinesio® Tape) 
Age 18-35 18-35 
Gender 
 distribution 
6 Males 
9 Females 
5 Males 
10 Females 
  
The recruitment for individuals for this study were between the ages of eighteen and thirty-five. The combined 
sample consisted of eleven male and nineteen female participants. 
The participants who were allocated to Group 1 were between the ages of eighteen and thirty-five. Group 1 
consisted of six male and nine female participants. 
The participants who were allocated to Group 2 were between the ages of eighteen and thirty-five. Group 2 
consisted of five male and ten female participants. 
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4.2.1 Test for normality  
 
Table 4.2 Shapiro-Wilk test for normality between the ages within the groups 
Data Group 1 Group 2 
Mean 25.13 25.00 
Standard deviation 2.53 2.20 
P-value 0.03 
Thus 
Less than 0.05 
0.09 
Thus 
Greater than 0.05 
 
The Shapiro-Wilk test was used to test for the normality between the two groups as the study utilised a small 
number of participants. A significant p-value for this test would be any value equal to or more than 0.05. 
Group 1 had a p-value of 0.03 which was insignificant. Group 2 had a p-value of 0.09 which showed a great 
significance for this test. The following histograms illustrates the age spread between the two groups that 
were used for the study. 
 
Figure 4.1: Group 1 histogram representing the different ages within the group 
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Figure 4.2: Group 2 histogram representing the different ages within the group 
 
4.3 Objective data 
 
4.3.1 Peak torque statistical analysis 
  
The following analysis was done using the Cybex Isokinetic muscle strength machine. Peak torque is defined 
as the single highest point on a torque curve (Klingbiel, 2018). The peak torque of each participant was 
evaluated during both the plantarflexion and dorsiflexion movement of the ankle on both right foot and the 
left. The results of this specific test were noted and analysed. 
 
4.3.1.1 Peak torque during plantarflexion on the right foot 
 
Inter-group analysis 
 
 
 
 
 
50 
 
Table 4.3 Mann-Whitney test for changes in peak torque 
Groups 
1 and 2 
VISIT 1 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT 
VISIT 4 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT 
p-value 0,71 
Thus 
Greater than 0.05 
 
0,07 
Thus  
Greater than 0.05 
0,18 
Thus 
Greater than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
consist of any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-
value was greater than 0.05 (p= 0.71), indicating no statistical significance. During the fourth visit the p-value 
was greater than 0.05 (p=0.07) which indicated no statistical significance. During the seventh visit the p-
value was greater than 0.05 (p=0.18), indicating no statistical significance between the two groups. 
 
Intra-group analysis 
Table 4.4 Friedman test for changes in peak torque 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,10 
Thus 
Greater than 0.05 
 
76,53 70,47 -7,92 
Group 2- 
Kinesio® Tape 
p-value 0,04 
Thus  
Less than 0.05 
 
  
79,33 61,67 -22,26 
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The Friedman test was used to determine if any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.04 which indicated a statistically significant value. Group 1 had a p-
value greater than 0.05 (p=0.10) which indicated no statistical significance. The Wilcoxon signed-rank test 
was used to determine and demonstrate where these changes had occurred. 
Table 4.5 Wilcoxon signed-rank test for changes in peak torque 
Group VISIT 4 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT- VISIT 1 
PEAK TORQUE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT - VISIT 4 
PEAK TORQUE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS 
RIGHT - VISIT 1 
PEAK TORQUE 
PLANTARFLEXORS 
RIGHT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,08 
Thus  
Greater than 0.05 
0,18 
Thus  
Greater than 0.05 
0,20 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,95 
Thus  
Greater than 0.05 
0,005 
Thus  
Less than 0.05 
0,01 
Thus 
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine exactly when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.5 above it can be deduced that in Group 1, between visit 1-4, 4-7 and 1-7, the p-value was greater 
than 0.05 which is not statistically significant. However, in Group 2, between visit 1 and 4 the p-value for this 
period was greater than 0.05 (p=0.95) which indicated no statistical significance. During visit 4-7 and 1-7 a 
statistically significant value was noted for both groups; this indicated a significant change between the two 
time periods. 
Analysis of Group 1 indicated that no statistically significant difference (p-value less than 0.05) was found 
between visits 1-4 (p= 0.08), 4-7 (p= 0.18) and 1-7 (p= 0.20). 
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Analysis of Group 2 indicated no significant statistical value between 1-4 (p= 0.95). However, a statistically 
significant value was found between visits 4-7 (p=0.005) and 1-7 (p=0.01). This indicates that a changed 
occurred in later visits. 
 
4.3.1.2 Peak torque analysis during dorsiflexion on the right foot 
 
Inter-group analysis 
Table 4.6 Mann-Whitney test for changes in peak torque 
Groups 1 and 2 VISIT 1 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT 
VISIT 4 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT 
p-value 0,78 
Thus  
Greater than 0.05 
0,69 
Thus  
Greater than 0.05 
0,37 
Thus  
Greater than 0.05 
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
greater than 0.05 (p= 0.78), indicating no statistical significance. During the fourth visit the p-value was 
greater than 0.05 (p=0.69), indicating no statistical significance. During the seventh visit the p-value was 
greater than 0.05 (p=0.37), indicating no statistical significance between the two groups. 
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Intra-group analysis 
Table 4.7 Friedman test for changes in peak torque 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,03 
Thus 
Less than 0.05 
 
21,53 24,20 12,40 
Group 2- 
Kinesio® Tape 
p-value 0,01 
Thus  
Less than 0.05 
 
22,60 27,27 20,67 
 
The Friedman test was used to determine any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.01 which indicated a statistically significant value. Group 1 had a p-
value less than 0.05 (p=0.03), indicating a statistical significance. The Wilcoxon signed-rank test was then 
used to determine and demonstrate where these changes had occurred. 
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Table 4.8 Wilcoxon signed-rank test for changes in peak torque 
Group VISIT 4 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT - VISIT 1 
PEAK TORQUE 
DORSIFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT - VISIT 4 
PEAK TORQUE 
DORSIFLEXORS 
RIGHT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
RIGHT - VISIT 1 
PEAK TORQUE 
DORSIFLEXORS 
RIGHT 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control) 
p-value 0,12 
Thus  
Greater than 0.05 
0,68 
Thus  
Greater than 0.05 
0,48 
Thus  
Greater than 0.05 
Group 2- Kinesio® Tape p-value 0,002 
Thus  
Less than 0.05 
0,008 
Thus  
Less than 0.05 
0,05 
Thus  
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine exactly when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
the above table 4.8 it can be deduced that in Group 1 between visit 1-4, 4-7 and 1-7 the p-value was greater 
than 0.05 which is not statistically significant. However, in Group 2 during visit 1-4, 4-7 and 1-7 a statistically 
significant value was noted for all three time periods; this indicated a significant change between the three 
time periods. 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.12), 4-7 (p= 0.68) and 1-7 (p= 0.48). 
Analysis of Group 2 indicated a significant statistical value between 1-4 (p= 0.002), 4-7 (p=0.008) and 1-7 
(p=0.05). This indicated that a change occurred in all three time periods. 
 
4.3.1.3 Peak torque analysis during plantarflexion on the left foot 
 
Inter-group analysis 
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Table 4.9 Mann-Whitney test for changes in peak torque 
Groups 
1 and 2 
VISIT 1 PEAK 
TORQUE 
PLANTARFLEXORS 
LEFT 
VISIT 4 PEAK 
TORQUE 
PLANTARFLEXORS  
LEFT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS  
LEFT 
p-value 0,74 
Thus 
Greater than 0.05 
 
0,11 
Thus  
Greater than 0.05 
0,39 
Thus 
Greater than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
greater than 0.05 (p= 0.74), indicating no statistical significance. During the fourth visit the p-value was 
greater than 0.05 (p=0.11), indicating no statistical significance. During the seventh visit the p-value was 
greater than 0.05 (p=0.39), indicating no statistical significance between the two groups. 
 
Intra-group analysis 
Table 4.10 Friedman test for changes in peak torque 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,20 
Thus 
Greater than 0.05 
 
81,40 53,80 -33,91 
Group 2- 
Kinesio® Tape 
p-value 0,02 
Thus  
Less than 0.05 
 
  
71,27 68,33 -4,17 
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The Friedman test was used to determine if any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.02 which indicated a statistically significant value. Group 1 had a p-
value greater than 0.05 (p=0.20), indicating no statistical significance. The Wilcoxon signed-rank test was 
then used to determine and demonstrate where exactly these changes had occurred. 
Table 4.11 Wilcoxon signed-rank test for changes in peak torque 
Group VISIT 4 PEAK 
TORQUE 
PLANTARFLEXORS 
LEFT- VISIT 1 PEAK 
TORQUE 
PLANTARFLEXORS 
LEFT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS 
LEFT - VISIT 4 
PEAK TORQUE 
PLANTARFLEXORS 
LEFT 
VISIT 7 PEAK 
TORQUE 
PLANTARFLEXORS 
LEFT - VISIT 1 
PEAK TORQUE 
PLANTARFLEXORS 
LEFT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,10 
Thus  
Greater than 0.05 
0,23 
Thus  
Greater than 0.05 
0,59 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,92 
Thus  
Greater than 0.05 
0,02 
Thus  
Less than 0.05 
0,03 
Thus 
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine exactly when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.11 it can be deduced that in Group 1, between visit 1-4, 4-7 and 1-7, the p-value was greater than 
0.05 which is not statistically significant. However, in Group 2, between visit 1 and 4 the p-value for this period 
was greater than 0.05 (p=0.92) which indicated no statistical significance. During visit 4-7 and 1-7 a 
statistically significant value was noted for both groups. This indicated a significant change between the two 
time periods. 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.10), 4-7 (p= 0.23) and 1-7 (p= 0.59). 
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Analysis of Group 2 indicated no significant statistical value between 1-4 (p= 0.92). However, a statistically 
significant value was found between visits 4-7 (p=0.02) and 1-7 (p=0.03). This indicates that a changed 
occurred in later visits. 
 
4.3.1.4 Peak torque analysis during dorsiflexion on the left foot 
 
Inter-group analysis 
Table 4.12 Mann-Whitney test for changes in peak torque 
Groups 1 and 2 VISIT 1 PEAK 
TORQUE 
DORSIFLEXORS  
LEFT 
VISIT 4 PEAK 
TORQUE 
DORSIFLEXORS 
LEFT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
LEFT 
p-value 0,83 
Thus  
Greater than 0.05 
0,56 
Thus  
Greater than 0.05 
0,66 
Thus  
Greater than 0.05 
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
greater than 0.05 (p= 0.83) which indicated no statistical significance. During the fourth visit the p-value was 
greater than 0.05 (p=0.56), indicating no statistical significance. During the seventh visit the p-value was 
greater than 0.05 (p=0.66), indicating no statistical significance between the two groups. 
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Intra-group analysis 
Table 4.13 Friedman test for changes in peak torque 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,12 
Thus 
Greater than 0.05 
 
23,20 26,60 14,66 
Group 2- 
Kinesio® Tape 
p-value 0,005 
Thus  
Less than 0.05 
 
24,60 27,40 11,38 
 
The Friedman test was used to determine if any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.005 which indicated a statistically significant value. Group 1 had a p-
value greater than 0.05 (p=0.12), indicating no statistical significance. The Wilcoxon signed-rank test was 
used to determine and demonstrate where exactly these changes had occurred. 
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Table 4.14 Wilcoxon signed-rank test for changes in peak torque 
Group VISIT 4 PEAK 
TORQUE 
DORSIFLEXORS 
LEFT - VISIT 1 
PEAK TORQUE 
DORSIFLEXORS 
LEFT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
LEFT - VISIT 4 
PEAK TORQUE 
DORSIFLEXORS 
LEFT 
VISIT 7 PEAK 
TORQUE 
DORSIFLEXORS 
LEFT - VISIT 1 
PEAK TORQUE 
DORSIFLEXORS 
LEFT 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control) 
p-value 0,002 
Thus  
Less than 0.05 
0,93 
Thus  
Greater than 0.05 
0,24 
Thus  
Greater than 0.05 
Group 2- Kinesio® Tape p-value 0,02 
Thus  
Less than 0.05 
0,93 
Thus  
Greater than 0.05 
0,17 
Thus  
Greater than 0.05 
 
The Wilcoxon signed-rank test was used to determine exactly when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.14 it can be deduced that in Group 1, between visit 1-4, the p-value was less than 0.05 (p=0.002); 
between visit 4-7 and 1-7 the p-value was greater than 0.05 which is not statistically significant. However, in 
Group 2, during visit 1-4 the p-value was less than 0.05 (p=0.02), 4-7 and during visit 1-7 the p-value was 
greater than 0.05, which is not statistically significant. 
Analysis of Group 1 indicated that a statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.002), but no statistically significant values were found during visits 4-7 (p= 0.93) and 
1-7 (p= 0.24). 
Analysis of Group 2 indicated a significant statistical value between 1-4 (p= 0.002), but no statistically 
significant values were found at visits 4-7 (p=0.22) and 1-7 (p=0.17). 
 
4.3.2 Coefficient variable statistical analysis 
  
The following analysis was done using the Cybex Isokinetic muscle strength machine. Coefficient variable is 
defined as a statistical measure of the degree to which changes to the value of one variable predict change 
to the value of another (Klingbiel, 2018). The coefficient variables of each participant were evaluated during 
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both plantarflexion and dorsiflexion movement of the ankle on both the right foot and the left. The results of 
this specific test were noted and analysed below. 
 
4.3.2.1 Coefficient variable during plantarflexion on the right foot 
 
Inter-group analysis 
Table 4.15 Mann-Whitney test for changes in coefficient variables 
Groups 
1 and 2 
VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
p-value 0,19 
Thus 
Greater than 0.05 
 
0,54 
Thus  
Greater than 0.05 
0,56 
Thus 
Greater than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
greater than 0.05 (p= 0.19) which indicated no statistical significance. During the fourth visit the p-value was 
greater than 0.05 (p=0.54), indicating no statistical significance. During the seventh visit the p-value was 
greater than 0.05 (p=0.56) which indicated no statistical significance between the two groups. 
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Intra-group analysis 
Table 4.16 Friedman test for changes in coefficient variables 
Friedman Test Mean visit 1 Mean visit 7  % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,71 
 Thus  
Greater than 0.05 
 
0,19 0,11 -42.11 
Group 2- 
Kinesio® Tape 
p-value 0,61 
Thus  
Greater than 0.05  
0,11 0,11 0 
 
The Friedman test was used to determine if any changes over a period of time in a specific group were 
present and if any change was noted within this specific test. A statistically significant p-value for this test is 
a value less than 0.05. Group 2 had a p-value of 0.61 which indicated no statistically significant value. Group 
1 had a p-value greater than 0.05 (p=0.71), indicating no statistical significance. The Wilcoxon signed-rank 
test was the used to determine and demonstrate where exactly these changes had occurred. 
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Table 4.17 Wilcoxon signed-rank test for changes in coefficient variables 
Group VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT- VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT - VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT - VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
RIGHT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,15 
Thus  
Greater than 0.05 
0,09 
Thus  
Less than 0.05 
0,70 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,01 
Thus  
Less than 0.05 
0,01 
Thus  
Less than 0.05 
0,08 
Thus 
Greater than 0.05 
 
The Wilcoxon signed-rank test was used to determine when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.17 it can be deduced that in Group 1, between visit 1-4 and 1-7, the p-value was greater than 0.05 
which is not statistically significant. Between the 4-7 visit the p-value was less than 0.05 (p=0.09). However, 
in Group 2 during visit 4-1, 4-7 a statistically significant value was noted for both visits; this indicated a 
significant change between the two time periods. 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.15), 1-7 (p= 0.70). However, between visits 4-7 a statistically significant value was 
noted (p= 0.09). 
Analysis of Group 2 indicated a significant statistical value between visits 1-4 (p= 0.01), 4-7 (p=0.01), this 
indicates that a changed occurred in both visits. However, during visit 1-7 no statistical significant value was 
noted (p=0.087). 
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4.3.2.2 Coefficient variable during dorsiflexion on the right foot 
 
Inter-group analysis 
Table 4.18 Mann-Whitney test for changes in coefficient variables 
Groups 
1 and 2 
VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
p-value 0,01 
Thus 
Less than 0.05 
 
0,36 
Thus  
Greater than 0.05 
0,02 
Thus 
Less than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
less than 0.05 (p= 0.01), indicating a statistical significance. During the fourth visit the p-value was greater 
than 0.05 (p=0.36) which indicated no statistical significance. During the seventh visit the p-value was less 
than 0.05 (p=0.02), thus indicating a statistical significance between the two groups. 
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Intra-group analysis 
Table 4.19 Friedman test for changes in coefficient variables 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,03 
Thus 
Less than 0.05 
 
0,16 0,25 56,25 
Group 2- 
Kinesio® Tape 
p-value 0,009 
Thus  
Less than 0.05 
 
  
0,07 0,15 114,29 
 
The Friedman test was used to determine if there were any changes over a time period in a specific group 
and if any change was noted within this specific test. A statistically significant p-value for this test is a value 
less than 0.05. Group 2 had a p-value of 0.009 which indicated a statistically significant value. Group 1 had 
a p-value less than 0.05 (p=0.03) which indicated a statistical significance. The Wilcoxon signed-test was the 
used to determine and demonstrate where exactly these changes had occurred. 
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Table 4.20 Wilcoxon signed-rank test for changes in coefficient variables 
Group VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT- VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT - VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT - VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
RIGHT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,15 
Thus  
Greater than 0.05 
0,01 
Thus  
Less than 0.05 
0,08 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,01 
Thus  
Less than 0.05 
0,70 
Thus  
Greater than 0.05 
0,02 
Thus 
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.20 it can be deduced that in Group 1, between visit 4-7, the p-value was less than 0.05 which is a 
statistically significant value. Between visits 1-4 and 1-7 the p-value was greater than 0.05. However, in 
Group 2, during visit 1-4 and 1-7, a statistically significant value was noted for both visits. This indicated a 
significant change between the two time periods. However, between visit 4-7 the p-value was greater than 
0.05 (p=0.70). 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.15) and 1-7 (p=0.08). However, between visit 4 and 7 (p=0.01) a statistically 
significant value was noted. 
Analysis of Group 2 indicated a significant statistical value between 4-1 (p= 0.01) and 1-7 (p=0.02). However, 
between visits 4-7 (p=0.70) the p-value was greater than 0.05. This indicated that no statistically significant 
value was noted during this period. 
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4.3.2.3 Coefficient variable during plantarflexion on the left foot 
 
Inter-group analysis 
Table 4.21 Mann-Whitney test for changes in coefficient variables 
Groups 
1 and 2 
VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
p-value 0,73 
Thus 
Greater than 0.05 
 
0,41 
Thus  
Greater than 0.05 
0,29 
Thus 
Greater than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistical significant differences between 
two independent groups on a continuous measure. A significant p-value for this specific test would be any 
value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was greater 
than 0.05 (p= 0.73), indicating no statistical significance. During the fourth visit the p-value was greater than 
0.05 (p=0.41) which indicated no statistical significance. During the seventh visit the p-value was greater 
than 0.05 (p=0.29), indicating no statistical significance between the two groups. 
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Intra-group analysis 
Table 4.22 Friedman test for changes in coefficient variables 
Friedman Test Mean visit 1 Mean visit 7 % change  
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,98 
Thus 
Greater than 0.05 
 
0,12 0,13 8,3 
Group 2- 
Kinesio® Tape 
p-value 0,43 
Thus  
Greater than 0.05 
 
  
0,13 0,18 38,46 
 
The Friedman test was used to determine if there were any changes over a time period in a specific group 
and if any change was noted within this specific test. A statistically significant p-value for this test is a value 
less than 0.05. Group 2 had a p-value of 0.43 which indicated no statistical significant value. Group 1 had a 
p-value greater than 0.05 (p=0.98), indicating no statistical significance. The Wilcoxon signed-rank test was 
used to determine and demonstrate where exactly these changes had occurred. 
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Table 4.23 Wilcoxon signed-rank test for changes in coefficient variables 
Group VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT- VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT - VISIT 4 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT - VISIT 1 
COEFFICIENT 
VARIABLE 
PLANTARFLEXORS 
LEFT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,32 
Thus  
Greater than 0.05 
0,17 
Thus  
Greater than 0.05 
0,001 
Thus 
Less than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,02 
Thus  
Less than 0.05 
0,79 
Thus  
Greater than 0.05 
0,03 
Thus 
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. As 
evidenced in table 4.23 it can be deduced that in Group 1, between visit 1-4 and 4-7, the p-value was greater 
than 0.05 which is not statistically significant. Between the 1-7 visit the p-value was less than 0.05 (p=0.001). 
However, in Group 2, during visit 1-4 and 1-7, a statistically significant value was noted for both visits which 
indicated a significant change between the two time periods. However, between visits 4-7 the p-value was 
greater than 0.05. 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.32), 4-7 (p= 0.17). However, between visits 1-7 a statistically significant value was 
noted (p= 0.001). 
Analysis of Group 2 indicated a significant statistical value between 1-4 (p= 0.02) and 1-7 (p=0.03). However, 
between visits 4-7 the p-value was greater than 0.05 (p=0.79), indicating no statistical significance. 
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4.3.2.4 Coefficient variable during dorsiflexion on the left foot 
 
Inter-group analysis 
Table 4.24 Mann-Whitney test for changes in coefficient variables 
Groups 
1 and 2 
VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
p-value 0,12 
Thus 
Greater than 0.05 
 
0,10 
Thus  
Greater than 0.05 
0,01 
Thus 
Less than 0.05  
 
The non-parametric Mann-Whitney test was used to determine any statistical significant differences between 
two independent groups on a continuous measure. A significant p-value for this specific test would be any 
value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit, the p-value was greater 
than 0.05 (p= 0.12) which indicated no statistical significance. During the fourth visit the p-value was greater 
than 0.05 (p=0.10), indicating no statistical significance. During the seventh visit the p-value was less than 
0.05 (p=0.01), indicating a statistical significance between the two groups. 
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Intra-group analysis 
Table 4.25 Friedman test for changes in coefficient variables 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,18 
Thus 
Greater than 0.05 
 
0,11 0,11 0 
Group 2- 
Kinesio® Tape 
p-value 0,005 
Thus  
Less than 0.05 
 
0,08 0,22 175 
 
The Friedman test was used to determine if any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.005 which indicated a statistically significant value. Group 1 had a p-
value greater than 0.05 (p=0.18), indicating no statistical significance. The Wilcoxon signed-rank test was 
the used to determine and demonstrate where these changes had occurred. 
 
 
 
 
 
 
 
 
 
71 
 
Table 4.26 Wilcoxon signed-rank test for changes in coefficient variables 
Group VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT- VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT - VISIT 4 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
VISIT 7 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT - VISIT 1 
COEFFICIENT 
VARIABLE 
DORSIFLEXORS 
LEFT 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,16 
Thus  
Greater than 0.05 
0,16 
Thus  
Greater than 0.05 
0,001 
Thus 
Less than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,04 
Thus  
Less than 0.05 
0,06 
Thus  
Greater than 0.05 
0,86 
Thus 
Greater than 0.05 
 
The Wilcoxon signed-rank test was used to determine exactly when the change occurred in the testing period 
between visits 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.26 it can be deduced that in Group 1, between visit 1-4 and 4-7, the p-value was greater than 0.05 
which is not statistically significant. Between the 1-7 visit the p-value was less than 0.05 (p=0.001). However, 
in Group 2 during visit 1-4 a statistically significant value was noted for this visit. This indicated a significant 
change. However, between visits 4-7 and1-7 the p-value was greater than 0.05. 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.16) and 4-7 (p=0.16). However, between visits 1-7 (p=0.001) a statistically significant 
value was noted. 
Analysis of Group 2 indicated a significant statistical value between visit 4-1 (p= 0.041). However, between 
visits 4-7 (p=0.06). 1-7 (p=0.86) the p-value was greater than 0.05. This indicated that no statistically 
significant value was noted during this period. 
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4.3.3 Peak torque deficit ratio analysis 
 
The following analysis was done using the Cybex Isokinetic muscle strength machine. According to the deficit 
ratios for each participant the machine calculated within the limits of 0-10, being optimum muscle function; 
10-15, a singular muscle imbalance, and any value above 15 as a multiple muscular imbalance (Klingbiel, 
2018). The deficit ratios of each participant was evaluated during both plantarflexion and dorsiflexion 
movement of the ankle. The results of this specific test were noted and analysed below. 
 
4.3.3.1 Peak torque deficit analysis during plantarflexion 
 
Inter-group analysis 
Table 4.27 Mann-Whitney test for changes in peak torque deficit 
Group 1 and 2 Deficit VISIT 1 (PEAK 
TORQUE ) 
PLANTARFLEXORS 
Deficit VISIT 4 (PEAK 
TORQUE ) 
PLANTARFLEXORS 
Deficit VISIT 7 (PEAK 
TORQUE ) 
PLANTARFLEXORS 
p-value 0,49 
Thus 
Greater than 0.05 
0,40 
Thus 
Greater than 0.05 
0,004 
Thus 
Less than 0.05 
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Group 1 and Group 2 during the first visit the p-value was 
greater than 0.05 (p= 0.49), indicating no statistical significance. During the fourth visit the p-value was 
greater than 0.05 (p=0.40) which indicated no statistical significance. During the seventh visit the p-value 
was less than 0.05 (p=0.004), indicating a statistical significance between the two groups. 
 
 
 
 
 
73 
 
Intra-group analysis 
Table 4.28 Friedman test for changes in peak torque deficit 
Friedman Test Mean visit 1 Mean Visit 7 % change  
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,33 
Thus 
Greater than 0.05 
 
11,73 5,73 -51,15 
Group 2- 
Kinesio® Tape 
p-value 0,002 
Thus  
Less than 0.05 
13,00 17,67 35,92 
 
The Friedman test was used to determine if there were any changes over a time period in a specific group 
and if any change was noted within this specific test. A statistically significant p-value for this test is a value 
less than 0.05. Group 2 had a p-value of 0.002 which indicated a statistically significant value. Group 1 had 
a p-value greater than 0.05 (p=0.33), indicating no statistical significance. The Wilcoxon signed-rank test was 
used to determine and demonstrate where exactly these changes had occurred. 
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Table 4.29 Wilcoxon signed-rank test for changes in peak torque deficit 
Group DEFICIT VISIT 4 
PEAK TORQUE- 
PLANTARFLEXORS 
-  DEFICIT VISIT 1 
PEAK TORQUE- 
PLANTARFLEXORS 
DEFICIT VISIT 7 
PEAK TORQUE- 
PLANTARFLEXORS  
- DEFICIT VISIT 4 
PEAK TORQUE- 
PLANTARFLEXORS 
DEFICIT VISIT 7 
PEAK TORQUE- 
PLANTARFLEXORS  
- DEFICIT VISIT 1 
PEAK TORQUE- 
PLANTARFLEXORS 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,79 
Thus  
Greater than 0.05 
0,43 
Thus  
Greater than 0.05 
0,20 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,12 
Thus  
Greater than 0.05 
0,002 
Thus  
Less than 0.05 
0,003 
Thus 
Less than 0.05 
 
The Wilcoxon signed-rank test was used to determine when this change occurred in the testing period 
between visit 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.29 it can be deduced that in Group 1, between visit 1-4, 4-7 and 1-7 the p-value was greater than 
0.05 which is not statistically significant. However, in Group 2, during visit 1-4 a statistically significant value 
was not noted for this visit. Moreover, between visit 4-7 and 1-7 the p-value was less than 0.05, indicating a 
statistically significant value 
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.79), 4-7 (p=0.43) and 1-7 (p=0.20).  
Analysis of Group 2 indicated a significant statistical value between 4-7 (p= 0.002) and 1-7 (p=0.003). 
However, between visits 1-4 (p=0.12) the p-value was greater than 0.05. This indicated that no statistically 
significant value was noted during this period. 
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4.3.3.2 Peak torque deficit analysis during dorsiflexion 
 
Inter-group analysis 
Table 4.30 Mann-Whitney test for changes in peak torque deficit 
Group 1 and 2 Deficit VISIT 1 (PEAK 
TORQUE ) 
DORSIFLEXORS 
Deficit VISIT 4 (PEAK 
TORQUE ) 
DORSIFLEXORS 
Deficit VISIT 7 (PEAK 
TORQUE ) 
DORSIFLEXORS 
p-value 0,39 
Thus 
Greater than 0.05 
0,19 
Thus 
Greater than 0.05 
0,57 
Thus 
Greater than 0.05 
 
The non-parametric Mann-Whitney test was used to determine any statistically significant differences 
between two independent groups on a continuous measure. A significant p-value for this specific test would 
be any value equal to or less than 0.05.  Between Groups 1 and 2 during the first visit the p-value was greater 
than 0.05 (p= 0.39), indicating no statistical significance. During the fourth visit the p-value was greater than 
0.05 (p=0.19), indicating no statistical significance. During the seventh visit the p-value was greater than 0.05 
(p=0.57) which indicated no statistical significance between the two groups 
 
Intra-group analysis 
Table 4.31 Friedman test for changes in peak torque deficit 
Friedman Test Mean visit 1 Mean visit 7 % change 
Group 1-
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control) 
 
p-value 0,53 
Thus 
Greater than 0.05 
 
17,53 19,73 12,55 
Group 2- 
Kinesio® Tape 
p-value 0,43 
Thus  
Greater than 0.05 
  
13,87 16,33 17,74 
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The Friedman test was used to determine if any changes over a time period in a specific group occurred and 
if any change was noted within this specific test. A statistically significant p-value for this test is a value less 
than 0.05. Group 2 had a p-value of 0.43 which indicated no statistical significant value. Group 1 had a p-
value greater than 0.05 (p=0.53), indicating no statistical significance. The Wilcoxon signed-rank test was 
the used to determine and demonstrate where exactly these changes had occurred. 
Table 4.32 Wilcoxon signed-rank test for changes in peak torque deficit 
Group DEFICIT VISIT 4 
PEAK TORQUE- 
DORSIFLEXORS -  
DEFICIT VISIT 1 
PEAK TORQUE- 
DORSIFLEXORS 
DEFICIT VISIT 7 
PEAK TORQUE- 
DORSIFLEXORS - 
DEFICIT VISIT 4 
PEAK TORQUE- 
DORSIFLEXORS 
DEFICIT VISIT 7 
PEAK TORQUE- 
DORSIFLEXORS  - 
DEFICIT VISIT 1 
PEAK TORQUE- 
DORSIFLEXORS 
Group 1- 
Hypoallergenic 
Cover-Roll 
Stretch Tape 
(Control  
p-value 
 
0,13 
Thus  
Greater than 0.05 
0,12 
Thus  
Greater than 0.05 
0,60 
Thus 
Greater than 0.05 
 
Group 2-
Kinesio® Tape  
 
p-value 0,20 
Thus  
Greater than 0.05 
0,92 
Thus  
Greater than 0.05 
0,45 
Thus 
Greater than 0.05 
 
The Wilcoxon signed-rank test was used to determine when this change occurred in the testing period 
between visits 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05. From 
table 4.32 it can be assumed that in Group 1, between visits 1-4, 4-7 and 1-7, the p-value was greater than 
0.05 which is not statistically significant. Additionally, in Group 2 during visits 1-4, 4-7 and 1-7 no statistically 
significant value was not noted for the visits.  
Analysis of Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found 
between visits 1-4 (p= 0.13), 4-7 (p=0.12) and 1-7 (p=0.60).  
Analysis of Group 2 indicated no significant statistical value between 1-4 (p= 0.20), 4-7 (p=0.92) and 1-7 
(p=0.45). This indicated that no statistically significant value was noted during this period. 
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4.3.4 Cross tabulation analysis of deficit ratios 
 
The following results were obtained from the deficit ratios above. The Mcnemar-Bowker test was used to 
determine any positive value that was significant between two time periods.  The results represented are 
from an amount of fifteen participants per group and demonstrated the number of participants that had either 
a 0-10 ratio being optimum muscle function - a 10-15 ratio being a singular muscular imbalance and any 
value above 15 as a multiple muscular imbalance (Klingbiel, 2018). The cross tabulation analysis of each 
group was evaluated at visits 4-1, 4-7 and 1-7 during both plantarflexion and dorsiflexion movement of the 
ankle. The results of this specific test were noted and analysed below. 
 
4.3.4.1 Cross tabulation analysis for deficit ratios during dorsiflexion 
 
Table 4.33 Mcnemar-Bowker’s test for deficit ratios during visit 1 and 7 of dorsiflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,17 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,17 
Thus  
Greater than 0.05 
 
Table 4.34 Mcnemar-Bowker’s test for deficit ratios during visit 1 and 4 of dorsiflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,34 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,10 
Thus  
Greater than 0.05 
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Table 4.35 Mcnemar-Bowker’s test for deficit ratios during visit 4 and 7 of dorsiflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,34 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,50 
Thus  
Greater than 0.05 
 
The Mcnemar-Bowker’s test was used to determine any positive value that was significant between the two 
time periods of visits 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05.  
From table 4.33 it can be deduced that in Group 1, between visit 1-7, the p-value was greater than 0.05 
(p=0.17) which is not statistically significant. From table 4.34 it can be deduced that in Group 1, between visit 
1-4, the p-value was greater than 0.05 (p=0.34) which is not statistically significant. From table 4.35 it can be 
deduced that in Group 1, between visit 4-7, the p-value was greater than 0.05 (p=0.34) which is not 
statistically significant. However, in Group 2 during visits 1-7 (table 4.33) the p-value was greater than 0.05 
(p=0.17) which is not statistically significant. From table 4.34 it can be deduced that in Group 2, between visit 
1-4, the p-value was greater than 0.05 (p=0.10) which is not statistically significant. From table 4.35 it can be 
deduced that in Group 1, between visit 4-7, the p-value was greater than 0.05 (p=0.50) which is not 
statistically significant.  
4.3.4.2 Cross tabulation analysis for deficit ratios during plantarflexion  
 
Table 4.36 Mcnemar-Bowker’s test for deficit ratios during visit 1 and 7 of plantarflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,39 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,19 
Thus  
Greater than 0.05 
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Table 4.37 Mcnemar-Bowker’s test for deficit ratios during visit 1 and 4 of plantarflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,72 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,02 
Thus  
Less than 0.05 
 
Table 4.38 Mcnemar-Bowker’s test for deficit ratios during visit 4 and 7 of plantarflexion 
Group p-value 
Group 1- Hypoallergenic 
Cover-Roll Stretch Tape 
(Control  
McNemar-
Bowker Test 
0,57 
Thus  
Greater than 0.05 
 
Group 2-Kinesio® Tape  
 
McNemar-
Bowker Test 
0,02 
Thus  
Less than 0.05 
 
The Mcnemar-Bowker’s test was used to determine any positive value that was significant between the two 
time periods of visits 1-4, 4-7 and 1-7. A statistically significant p-value should be less than or equal to 0.05.  
From table 4.36 it can be deduced that in Group 1, between visit 1-7, the p-value was greater than 0.05 
(p=0.39) which is not statistically significant. From table 4.37 it can be deduced that in Group 1, between visit 
1-4, the p-value was greater than 0.05 (p=0.72) which is not statistically significant. From table 4.38 it can be 
deduced that in Group 1, between visit 4-7, the p-value was greater than 0.05 (p=0.57) which is not 
statistically significant. However, in Group 2, during visits 1-7 (Table 4.36) the p-value was greater than 0.05 
(p=0.19) which is not statistically significant. From table 4.37 it can be deduced that in Group 2, between visit 
1-4, the p-value was less than 0.05 (p=0.02) which is a statistically significant value. From table 4.38 it can 
be deduced that in Group 1, between visit 4-7, the p-value was less than 0.05 (p=0.02) which is a statistically 
significant value. 
 
80 
 
This concludes the results for this chapter. 
 
Chapter five will discuss the results presented in chapter four.  
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CHAPTER FIVE – DISCUSSION 
 
5.1 Introduction 
 
The purpose of this study was to determine the long-term effect of neurophysiological taping, in the form of 
Kinesio® Tape, over a period of three weeks on the strength of the gastrocnemius (calf) muscle in 
asymptomatic (pain free) individuals. Additionally, this study evaluated any changes in the peak force on the 
gastrocnemius muscle over the three-week period. This provided more information regarding a long-term 
effect in the weeks for the taping rather than an immediate effect. 
 
The study consisted of thirty participants who were allocated into two groups of fifteen: 
 Group 1 received Hypoallergenic Cover-Roll Stretch Tape to both gastrocnemius muscle groups. 
 Group 2 received Kinesio® Tape to both gastrocnemius muscle groups. 
 
This chapter will include the discussion of the specific results pertaining to this study with reference to chapter 
four. This chapter will also refer to the aim of the study mentioned in chapter one. Furthermore, this chapter 
will discuss the intra-group and inter-group statistical analyses.  
 
The results were obtained from:  
 Demographic data analysis that consisted of age and gender 
 Objective data consisting of: 
 Peak torque analysis of both the right and left foot.   
 Coefficient variables of both the right and left foot. 
 Peak torque deficit ratio analysis 
 Cross tabulation analysis of deficit ratios 
 
The following hypothesis for the study will be referred to: 
1. Neurophysiological taping methods by means of Kinesio® Tape applied to the gastrocnemius muscle 
groups over a long period of time will cause an increase in muscular strength in asymptomatic 
patients which, in turn, will have a long-term effect in these individuals. 
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5.2 Demographic data  
 
5.2.1 Age distribution 
 
One of the specific inclusion criteria for this study was that the participants were required to be between the 
ages of eighteen and thirty-five. The specific age groups were chosen to limit the possibility of degenerative 
change within the participant which is more common in older age groups (Kelly, Groarke, Butler, Poynton 
and O’Byrne, 2011). All participants were between the ages of twenty-two and thirty-two. The average age 
for Group 1 was 25.13 years. The average age for Group 2 was 25.00 years. Table 4.2 shows that Group 1 
had a p-value of 0.03 which was insignificant. Group 2 had a p-value of 0.09 which showed greater 
significance for this test. This displayed normality within Group 2. However, Group 1 showed no statistical 
significance due to age outliers within the study but still within the inclusion age. 
 
5.2.2 Gender distribution 
Collectively the sample group consisted of eleven males and nineteen females. Each group was allocated 
fifteen participants. Group 1 consisted of six male and nine female participants. Group 2 consisted of five 
male and ten female participants. 
 
5.3 Objective data analysis  
 
5.3.1 Peak torque analysis 
 
5.3.1.1 Peak torque analysis during plantarflexion and dorsiflexion on the right and left foot 
 
Inter-group analysis 
An inter-group analysis was used to study changes observed between the two groups. As peak torque was 
the primary measurement taken for this study, it will be discussed with reference to plantarflexion and 
dorsiflexion on the right and left feet. The Mann-Whitney test was used to describe these values presented 
below. 
Analysis of peak torque during plantarflexion on the right foot, as shown in table 4.3, shows no statistically 
significant p-value between Group 1 and Group 2 during the first visit as the p-value was greater than 0.05 
(p= 0.70), indicating no statistical significance. During the fourth visit, the p-value was greater than 0.05 
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(p=0.07), indicating no statistical significance. During the seventh visit, the p-value was greater than 0.05 
(p=0.18) which indicated no statistical significance between the two groups. A similar pattern followed in the 
dorsiflexion of the right foot. Analysis of peak torque during dorsiflexion on the right foot, as shown in table 
4.6, shows that between Group 1 and Group 2 during the first visit the p-value was greater than 0.05 (p= 
0.78), indicating no statistical significance. During the fourth visit, the p-value was greater than 0.05 (p=0.69) 
which indicated no statistical significance. During the seventh visit, the p-value was greater than 0.05 
(p=0.37), indicating no statistical significance between the two groups. 
During the analysis of peak torque in the plantarflexion of the left foot, as shown in the table 4.9, the p-value 
was greater than 0.05 (p= 0.74) between both groups during the first visit, indicating no statistical significance. 
During the fourth visit, the p-value was greater than 0.05 (p=0.11), indicating no statistical significance. During 
the seventh visit, the p-value was greater than 0.05 (p=0.39) which indicated no statistical significance 
between the two groups. Like the plantarflexion and dorsiflexion on the right foot, similar results followed for 
the plantarflexion and dorsiflexion on the left foot. Analysis of peak torque during dorsiflexion on the left foot, 
as shown in table 4.12, shows that between Group 1 and Group 2 during the first visit the p-value was greater 
than 0.05 (p= 0.83), indicating no statistical significance. During the fourth visit the p-value was greater than 
0.05 (p=0.56) which indicated no statistical significance. During the seventh visit the p-value was greater 
than 0.05 (p=0.66), indicating no statistical significance between the two groups. 
 
5.3.2 Coefficient variable analysis 
  
5.3.2.1 Coefficient variable analysis during plantarflexion and dorsiflexion on the right and left foot 
 
Inter-group analysis 
An inter-group analysis was used to study changes observed between the two groups. As peak torque was 
the primary measurement taken for this study, the measurement following the information consists of the 
coefficient variable value which will be discussed with reference to plantarflexion and dorsiflexion on the right 
and left feet. The Mann-Whitney test was used to describe these values presented below. 
Analysis of the coefficient variable during plantarflexion on the right foot, as shown in table 4.15, indicates 
that between Group 1 and Group 2 during the first visit the p-value was greater than 0.05 (p= 0.19), indicating 
no statistical significance. During the fourth visit, the p-value was greater than 0.05 (p=0.54), indicating no 
statistical significance. During the seventh visit, the p-value was greater than 0.05 (p=0.56) which indicated 
no statistical significance between the two groups. However, regarding the coefficient variable of the 
dorsiflexion on the right foot, statistics did not follow a similar pattern or result as the plantarflexion of the 
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right foot. During the analysis of the coefficient variable of the dorsiflexion on the right foot, as shown in table 
4.18, between Group 1 and Group 2 during the first visit the p-value was less than 0.05 (p= 0.01) which 
indicated a statistical significance. During the fourth visit, the p-value was greater than 0.05 (p=0.36), 
indicating no statistical significance. However, during the seventh visit, the p-value was less than 0.05 
(p=0.02), indicating a statistical significance between the two groups. 
During the analysis of the coefficient variable of the plantarflexion on the left foot, as shown in table 4.21, 
between Group 1 and Group 2 during the first visit the p-value was greater than 0.05 (p= 0.73), indicating no 
statistical significance. During the fourth visit, the p-value was greater than 0.05 (p=0.41) which indicated no 
statistical significance. During the seventh visit, the p-value was greater than 0.05 (p=0.29), indicating no 
statistical significance between the two groups. Once more, it is seen that during the dorsiflexion of the left 
foot the results did not follow the same pattern as the plantarflexion on the left foot. Therefore, during the 
analysis of the coefficient variable of the dorsiflexion on the left foot, as shown in table 4.24, between Group 
1 and Group 2 during the first visit the p-value was greater than 0.05 (p= 0.12), indicating no statistical 
significance. During the fourth visit the p-value was greater than 0.05 (p=0.10) which indicated no statistical 
significance. During the seventh visit the p-value was less than 0.05 (p=0.01), indicating a statistical 
significance between the two groups. 
 
5.3.3 Peak torque deficit ratio analysis 
 
5.3.3.1 Peak torque deficit ratio analysis during plantarflexion and dorsiflexion 
  
Inter-group analysis 
An inter-group analysis was used to study the changes observed between the two groups. As peak torque 
was the primary measurement taken for this study, the machine calculated within the limits of 0-10, which 
was the optimum muscle function; 10-15, which indicated a singular muscle imbalance, and any value above 
15, which indicated a multiple muscular imbalance known as the peak torque deficit ratio. The deficit ratios 
of each participant were evaluated during both the plantarflexion and dorsiflexion movement of the ankle and 
will be discussed with reference to plantarflexion and dorsiflexion. The Mann-Whitney test was used to 
describe these values presented below. 
During the analysis of the peak torque deficit ratio of plantarflexion, table 4.27, it is shown that between Group 
1 and Group 2 during the first visit the p-value was greater than 0.05 (p= 0.49), indicating no statistical 
significance. During the fourth visit the p-value was greater than 0.05 (p=0.40) which indicated no statistical 
significance. During the seventh visit the p-value was less than 0.05 (p=0.004), indicating a statistical 
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significance between the two groups. However, during dorsiflexion the results did not follow a similar pattern 
as plantarflexion but rather showed the following results. Table 4.30 shows that between Group 1 and Group 
2 during the first visit the p-value was greater than 0.05 (p= 0.39) which indicated no statistical significance. 
During the fourth visit the p-value was greater than 0.05 (p=0.19), indicating no statistical significance. During 
the seventh visit the p-value was greater than 0.05 (p=0.57), indicating no statistical significance between 
the two groups. 
 
5.3.4 Inter-group analysis discussion 
 
As discussed in chapter two, when an individual is running, walking or jumping the gastrocnemius muscle 
provides a significant amount of propulsive force in order for the body to propel itself into the air. For this 
reason, the gastrocnemius muscle can generate a great deal of force. In the past muscles have been treated 
for imbalances with a combination of stretching and strengthening protocol (Itoi & Sinaki, 1994) as well as 
with ergonomic advice given to the patient (Ali, Dimberg, Feuerstein, Huang & Nicholas, 2004). These 
protocols may potentially be faced with compliance issues. The aim of this study was to determine the long-
term effect of neurophysiological taping over the gastrocnemius muscle over a period of time in asymptomatic 
(pain free) individuals. Additionally, the aim of this study was to evaluate any change in the peak force on the 
gastrocnemius muscle over the three-week period. 
According to Kalichman, Lumbroso, Vered and Ziv (2013) it was found that the application of the Kinesio® 
Tape that was used on both the hamstring and gastrocnemius muscles had a marked effect on the actual 
peak force that was generated within the muscles. In the case of the gastrocnemius muscle group the results 
showed a marked increase in its peak force which was generated immediately after the application and then 
again when measured two days after the application. In the case of the hamstring muscle no marked increase 
in the peak force was noted, however when measured two days later an increase was noted. This research 
indicated that there are different reactions to the application of Kinesio® Tape regarding different muscles 
even when the tape is applied in the same manner. In both cases the application of the tape showed a 
significant increase in strength. This response may assist in the explanation of the results of the later visits 
of the study which were applied to the thirty participants over the three-week period. 
It was evident from the results that the majority of the earlier visits between the two groups, visit 1 and 4, 
showed no response to the respective treatments. This could be due to many factors such as the sample 
size being very small and the amount of activity, such as physical activity, everyone had partaken in prior to 
the reading being taken on the specific day. However, in later visits such as visit 7 a statistically significant 
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value was noted in the Kinesio® Tape group which indicates that participants showed a good response 
towards the end of the trial. 
In Group 1 no statistically significant p-value was noted throughout the visits purely because Hypoallergenic 
Cover-Roll Stretch Tape has no effect on the muscle being treated, and because of its properties which do 
not increase muscular strength and tonicity of the muscle. 
The improvements within the Kinesio® Tape group can be explained by the benefits of the therapy itself. This 
group reflected an improved p-value within peak torque, coefficient variables and peak torque deficit values 
towards the end of the trial at visit 7. According to Kalichman et al. (2013) Kinesio® Tape that is correctly 
applied to any muscle will have a marked increase in tonicity and functionality to itself over a period in time. 
 
5.3.5 Peak torque ratio analysis 
 
5.3.5.1 Peak torque ratio analysis during plantarflexion and dorsiflexion on the right and left foot 
 
Intra-group analysis 
An intra-group analysis is designed to study changes between readings within a specific group. As peak 
torque was the primary measurement taken for this study, it will be discussed with reference to plantarflexion 
and dorsiflexion on the right and left feet. The Friedman and Wilcoxon-Signed Ranked tests were used to 
describe the values presented below. 
During analysis of peak torque during plantarflexion on the right foot using the Friedman tes, table 4.4 shows 
that in Group 2 a p-value of 0.04 was noted, which indicated a statistically significant value. Group 1 had a 
p-value greater than 0.05 (p=0.10), indicating no statistical significance. However, Group 2 had a clinical 
decrease between visit 1 (79.33) and 7 (61.67) which showed an overall decreased clinical value of -22.26%. 
Group 1 had a minor clinical decrease between visit 1 (76.53) and 7 (70.46) which showed an overall 
decreased clinical value of -7.92%. 
During the analysis of peak torque during the dorsiflexion on the right foot, table 4.7 shows that Group 2 had 
a p-value of 0.01 which indicated a statistically significant value. Group 1 had a p-value less than 0.05 
(p=0.03), indicating a statistical significance. Group 2 had a clinical increase between visit 1 (22.60) and 7 
(27.27) which showed an overall increased clinical value of 20.67%. Group 1 had a minor clinical increase 
between visit 1 (21.53) and 7 (24.20) which showed an overall increased clinical value of 12.40%. 
During the analysis of peak torque during the plantarflexion on the left foot, table 4.10 shows that Group 2 
had a p-value of 0.02 which indicated a statistically significant value. Group 1 had a p-value greater than 0.05 
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(p=0.20), indicating no statistical significance. Group 2 had a minor clinical decrease between visit 1 (71.27) 
and 7 (68.33) which showed an overall minor decreased clinical value of -4.17%. Group 1 had a clinical 
decrease between visit 1 (81.40) and 7 (53.80) which showed an overall decreased clinical value of -33.91%. 
During the analysis of peak torque during the dorsiflexion on the left foot, table 4.13 shows that Group 2 had 
a p-value of 0.005 which indicated a statistically significant value. Group 1 had a p-value greater than 0.05 
(p=0.12), indicating no statistical significance. Group 2 had a clinical increase between visit 1 (24.60) and 7 
(27.40) which showed an overall increased clinical value of 11.38%. Group 1 had a clinical increase between 
visit 1 (23.20) and 7 (26.60) which showed an overall increased clinical value of 14.66%. 
 
Using the Wilcoxon-Signed Ranked Test, analysis of peak torque during the plantarflexion on the right foot, 
table 4.5 shows that Group 1 indicated that no statistically significant difference (p- value less than 0.05) 
was found between visits 1-4 (p= 0.08), 4-7 (p= 0.18) and 1-7 (p= 0.20). Analysis of Group 2 indicated no 
significant statistical value between 1-4 (p= 0.95). However, a statistically significant value was found 
between visits 4-7 (p=0.005) and 1-7 (p=0.01). This indicates that a changed occurred in later visits. 
During the analysis of peak torque during the dorsiflexion on the right foot, table 4.8 shows that Group 1 
indicated that no statistically significant difference (p- value less than 0.05) was found between visits 1-4 
(p= 0.12), 4-7 (p= 0.68) and 1-7 (p= 0.48). Analysis of Group 2 indicated a significant statistical value between 
1-4 (p= 0.002), 4-7 (p=0.008) and 1-7 (p=0.05). This indicates that a change occurred in all three time 
periods. 
During the analysis of peak torque during the plantarflexion on the left foot, table 4.11 shows that Group 1 
indicated that no statistically significant difference (p- value less than 0.05) was found between visits 1-4 
(p= 0.10), 4-7 (p= 0.23) and 1-7 (p= 0.59). Analysis of Group 2 indicated no significant statistical value 
between 1-4 (p= 0.92). However, a statistically significant value was found between visits 4-7 (p=0.02) and 
1-7 (p=0.03). This indicates that a change occurred in later visits. 
During the analysis of peak torque during the dorsiflexion on the left foot, table 4.14 shows that Group 1 
indicated that a statistically significant difference (p- value less than 0.05) was found between visits 1-4 (p= 
0.002), but no statistically significant values were found at visits 4-7 (p= 0.93) and 1-7 (p= 0.24). Analysis of 
Group 2 indicated a significant statistical value between 1-4 (p= 0.002), but no statistically significant values 
were found at visits 4-7 (p=0.22) and 1-7 (p=0.17). 
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5.3.6 Coefficient variable analysis  
 
5.3.6.1 Coefficient variable analysis during plantarflexion and dorsiflexion on the right and left foot 
 
Intra-group analysis 
An intra-group analysis is designed to study changes between readings within a specific group. As peak 
torque was the primary measurement taken for this study, the measurement following the previously-
mentioned information would be the coefficient variable value which will be discussed with reference to 
plantarflexion and dorsiflexion on the right and left feet. The Friedman and Wilcoxon-Signed Ranked tests 
were used to describe the values presented below. 
During the analysis of coefficient variables during the plantarflexion on the right foot using the Friedman test, 
table 4.16 shows that in Group 2 had a p-value of 0.61 which indicated no statistically significant value. Group 
1 had a p-value greater than 0.05 (p=0.71), indicating no statistical significance. However, Group 2 had no 
clinical effect between visit 1 (0.11) and 7 (0.11) which showed no increase or decrease to the clinical value. 
Group 1 had a clinical decrease between visit 1 (0.19) and 7 (0.11) which showed an overall decreased 
clinical value of -42.11%. 
During the analysis of coefficient variables during the dorsiflexion on the right foot, table 4.19 shows that 
Group 2 had a p-value of 0.009 which indicated a statistically significant value. Group 1 had a p-value less 
than 0.05 (p=0.03), indicating a statistical significance. Group 2 had a clinical increase between visit 1 (0.07) 
and 7 (0.15) which showed an overall 100% increased clinical value of 114.29%. Group 1 had a clinical 
increase between visit 1 (0.16) and 7 (0.25) which showed an overall increased clinical value of 56.25%. 
During the analysis of coefficient variables during the plantarflexion on the left foot, table 4.22 shows that 
Group 2 had a p-value of 0.43 which indicated no statistically significant value. Group 1 had a p-value greater 
than 0.05 (p=0.98) which indicated no statistical significance. Group 2 had a minor clinical increase between 
visit 1 (0.13) and 7 (0.18) which showed an overall minor increased clinical value of 38.46%. Group 1 had a 
minor clinical increase between visit 1 (0.12) and 7 (0.13) which showed an overall minor increased clinical 
value of 8.3%. 
During the analysis of coefficient variables during dorsiflexion on the left foot, table 4.25 shows that Group 2 
had a p-value of 0.005 which indicated a statistically significant value. Group 1 had a p-value greater than 
0.05 (p=0.186), indicating no statistical significance. Group 2 had a clinical increase between visit 1 (0.08) 
and 7 (0.22) which showed an overall 100% increased clinical value of 175%. Group 1 had no clinical effect 
between visit 1 (0.11) and 7 (0.11) which showed no overall increased or decreases clinical value. 
Using the Wilcoxon-Signed Ranked Test, analysis of coefficient variables during the plantarflexion on the 
right foot, table 4.17 shows that of group 1 indicated that no statistically significant difference (p- value less 
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than 0.05) was found between visits 1-4 (p= 0.15), 7-1 (p= 0.70). However, between visits 4-7 a statistical 
significant value was noted (p= 0.09). Analysis of Group 2 indicated a significant statistical value between 
visit 4-1 (p= 0.01), 4-7 (p=0.01). This indicates that a change occurred in both visits. However, between visit 
1-7 no statistically significant value was noted (p=0.08). 
During the analysis of coefficient variables during the dorsiflexion on the right foot, table 4.20 shows that 
Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found between 
visits 1-4 (p= 0.15) and 1-7 (p=0.08). However, between visit 4-7 (p=0.01) a statistically significant value was 
noted. Analysis of Group 2 indicated a significant statistical value between visit 4-1 (p= 0.01) and 1-7 
(p=0.02). However, between visits 4-7 (p=0.70) the p-value was greater than 0.05. This indicated that no 
statistically significant value was noted during this period. 
During the analysis of coefficient variables during the plantarflexion on the left foot, table 4.23 shows that 
Group 1 indicated that no statistically significant difference (p- value less than 0.05) was found between 
visits 1-4 (p= 0.32), 4-7 (p= 0.17). However, between visits 1-7 a statistically significant value was noted (p= 
0.001). Analysis of Group 2 indicated a significant statistical value between visit 4-1 (p= 0.02) and 1-7 
(p=0.03). However, between visits 4-7 the p-value was greater than 0.05 (p=0.79), indicating no statistical 
significance. 
During the analysis of coefficient variables during the dorsiflexion on the left foot, table 4.26 shows that Group 
1 indicated that no statistically significant difference (p- value less than 0.05) was found between visits 1-4 
(p= 0.16) and 4-7 (p=0.16). However, between visits 1-7 (p=0.001) a statistically significant value was noted. 
Analysis of Group 2 indicated a significant statistical value between visit 4-1 (p= 0.04). However, between 
visits 1-7 (p=0.86) and 4-7 (p=0.06) the p-value was greater than 0.05. This indicated that no statistical 
significant value was noted during this period. 
 
5.3.7 Peak torque deficit ratio analysis 
 
5.3.7.1 Peak torque deficit ratio analysis during plantarflexion and dorsiflexion  
 
Intra-group analysis 
An intra-group analysis is designed to study changes between readings within a specific group. As peak 
torque was the primary measurement taken for this study, the machine calculated within the limits of 0-10, 
indicating optimum muscle function; 10-15, indicating a singular muscle imbalance, and any value above 15, 
which indicated multiple muscular imbalances, known as the peak torque deficit ratio. The deficit ratios of 
each participant were evaluated during both the plantarflexion and dorsiflexion movement of the ankle and 
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will be discussed with reference to plantarflexion and dorsiflexion. The Friedman and Wilcoxon-Signed 
Ranked tests were used to describe the values presented below. 
During the analysis of peak torque deficit ratios during plantarflexion using the Friedman test, table 4.28 
shows that in Group 2 had a p-value of 0.002 which indicated a statistically significant value. Group 1 had a 
p-value greater than 0.05 (p=0.33), indicating no statistical significance. However, Group 2 had a clinical 
increase between visit 1 (13.00) and 7 (17.67) which showed an increase to the clinical value 35.92%. Group 
1 had a clinical decrease between visit 1 (11.73) and 7 (5.73) which showed an overall decreased clinical 
value of -51.15%. 
During the analysis of peak torque deficit ratios during dorsiflexion, table 4.31 shows that in Group 2 had a 
p-value of 0.43 which indicated no statistically significant value. Group 1 had a p-value greater than 0.05 
(p=0.53) which indicated no statistical significance. However, Group 2 had a clinical increase between visit 
1 (13.87) and 7 (16.33) which showed an increase to the clinical value 17.74%. Group 1 had a clinical 
increase between visit 1 (17.53) and 7 (19.73) which showed an overall increased clinical value of 12.55%. 
Using the Wilcoxon-Signed Ranked Test, analysis of peak torque deficit ratios during plantarflexion, table 
4.29 shows that Group 1 indicated that no statistically significant difference (p- value less than 0.05) was 
found between visits 1-4 (p= 0.79), 4-7 (p=0.43) and 1-7 (p=0.20).  Analysis of Group 2 indicated a significant 
statistical value between 4-7 (p= 0.002) and 1-7 (p=0.003). However, between visits 4-1 (p=0.12) the p-value 
was greater than 0.05. This indicated that no statistically significant value was noted during this period. 
During the analysis of peak torque deficit ratios during dorsiflexion, table 4.32 shows that Group 1 indicated 
that no statistically significant difference (p- value less than 0.05) was found between visits 1-4 (p= 0.13), 
4-7 (p=0.12) and 1-7 (p=0.60). Analysis of Group 2 indicated no significant statistical value between 4-1 (p= 
0.20), 4-7 (p=0.92) and 1-7 (p=0.45). This indicated that no statistically significant value was noted during 
this period. 
 
5.3.8 Intra-group analysis discussion 
 
As mentioned in chapter 2, research has shown that the application of Kinesio® Tape methods may facilitate 
or inhibit a specific muscle function, support joint structure, provide proprioceptive feedback and reduce pain 
in order to achieve and maintain a preferred body alignment (Jaraczewsk & Long, 2006). 
Group 2, which was allocated Kinesio® Tape application, experienced changes in earlier visits between 1 
and 4 and later between visits 1 and 7 during the three- week trial period. Group 1, which was allocated 
hypoallergenic Cover-Roll Stretch Tape, experienced no changes during all three visits during the three-week 
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trial period. These results showed significant clinical changes as seen above within their respective visit 
periods. However, Group 2 showed a more promising clinical value and a statistically significant value 
towards a later period in the trial (between visits 1 and 7). This therefore, indicated a long-term effect rather 
than only a short-term effect on the gastrocnemius muscle group. In a study where Kinesio® Tape was 
applied to the forearm on maximal grip strength on individuals a similar result was found where not much 
difference to the participants’ maximal grip strength was noted in initial visits (Chang, Chou, Lin, Lin & Wang, 
2010). 
Kinesio® Tape has been theorised to have many functions. Such functions include restoring correct muscle 
function by ultimately supporting weakening muscles; reducing congestion by improving the blood flow and 
lymphatic fluid; and decreasing a painful effect by stimulating the neurological system (Kase, Wallis & Kase, 
2003; Halseth, McChesney, DeBeliso, Vaughn and Lien, 2004; Kase, 2001; Yoshida & Kahanov, 2007; 
Murray & Husk, 2001). In a study investigating the effect of Kinesio® Taping an independant t Test was used 
to compare measurements prior to and after the application of the tape. However, this specific test was used 
because the sample size was much bigger than this study. Therefore, this study utilized all non-parametric 
testing methods due to the sample size being limited and too small. Moreover, this specific testing was 
chosen due to an unequal spread of males and females between the groups. The results from the study that 
utilized the t Test revealed that a significant increase was noted within the Kinesio® Tape group compared 
to the non-Kinesio® Tape group (Yoshida & Kahanov, 2007). Therefore, this study followed a similar pattern 
where peak torque and its following measurements were increased towards the end of the trial and showed 
significant clinical value between visits 1 and 7. This indicating a positive long-term effect on the 
gastrocnemius muscle. During plantarflexion and dorsiflexion, as seen in the discussions above, regarding 
peak torque, there was a noted 50% or more increase within the clinical significance between visits 1 and 7 
for Group 2. This may very well indicate a positive feedback with regards to the hypothesis stated within the 
study. However, Group 1 remained the same or decreased slightly. The same pattern was seen throughout 
the coefficient and peak torque ratio variables for both groups. 
Kinesio® Tape is presumed to work in conjunction with a physiological mechanism but remains hypothetical. 
In this study the Kinesio® Tape group showed an immediate improvement in addition to a long-term 
improvement without a concurrent significant improvement between plantarflexion and dorsiflexion on both 
the right foot and left. Even though this study utilised asymptomatic individuals the fact that pain modulation 
played a part in the improvements of either group via the pain gate control theory cannot be ignored. This 
could be a plausible explanation for the change that may have occurred towards the later visits within the 
Kinesio® Tape group. It has been proposed that Kinesio® Tape stimulates the neuromuscular pathways via 
an increased afferent feedback. The pain gate control theory shows that an increase in stimulation of the 
large diameter nerve fibres within the afferent feedback can mitigate an input received from small-diameter 
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nerve fibres conducting nociceptive input. Considering the overall improvement within the group, there is a 
possibility that a placebo effect may have contributed to this improvement (Thelen et al, 2008). 
 
Chapter six will discuss the conclusion of this study and provide recommendations pertaining to the study. 
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CHAPTER SIX - CONCLUSION AND RECOMMENDATIONS 
 
6.1 Conclusion 
 
The study consisted of thirty participants, all of whom were asymptomatic after clinical and physical 
examinations. 
The participants were randomly allocated into two treatment groups of fifteen participants each. Group 1 
received hypoallergenic Cover-Roll Stretch Tape to both gastrocnemius muscle groups. Group 2 received 
Kinesio® Tape to both gastrocnemius muscle groups as previously described. 
The aim of this study was to determine the long-term effect of neurophysiological taping over a period of 
three weeks on the strength of the gastrocnemius muscle in asymptomatic (pain-free) individuals. 
Additionally, the aim of this study was to evaluate any change in the peak force on the gastrocnemius muscle 
over the three-week period, thus providing more information regarding a long-term effect during the weeks 
for the taping rather than an immediate effect. Objective data was taken prior to the first, fourth and seventh 
visits. The results were based on the Cybex Isokinetic muscle strength machine to assess objective peak 
torque, coefficient variables, and peak torque deficit ratios of the gastrocnemius muscle on the right foot and 
left. 
 
In conclusion there is evidence that Kinesio® Tape has a clinical and statistically significant effect on the 
strength of the gastrocnemius muscle over a long term. Group 2 had a clinically greater significance between 
the first and seventh visits. However, Group 1 remained the same with little-to-no increase within these 
values. The mean values within the Kinesio® Tape group was greater than the mean values within the 
Hypoallergenic Cover-Roll Stretch Tape group. 
 
Although the inter-group results were somewhat insignificant at times, they do suggest that Kinesio® Tape 
applied to the gastrocnemius muscle may have a long-term effect along with a short-term effect on muscular 
strength. 
 
Research shows that it is possible that the application of Kinesio® Tape alone to an area of interest may 
assist with increasing the muscular strength over a short period of time in addition to reducing the effects of 
pain and increasing the tonicity of the muscle. Additionally, Kinesio® Tape is proven to be much more cost-
effective for the treatment of increasing muscular strength within the gastrocnemius muscle group. This form 
of taping has proven to be beneficial for individuals who have an interest in maintaining and increasing 
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muscular strength and tonicity to the gastrocnemius muscle group for means of everyday use or athletic 
purposes. 
 
Furthermore, when considering improving muscular strength by means of taping methods within the 
gastrocnemius muscle group, neurophysiological taping methods such as Kinesio® Tape are the most 
beneficial treatment methods over a short or long-term period. 
 
6.2 Recommendations 
  
To further improve the specific results that were obtained within this study the following recommendations 
can be used: 
 
 When placing the participants into their respective groups the researcher should distribute the 
participants in a manner so that the age distribution is equally shared between the groups. 
 
 Increase the actual sample size of the study, allowing the possibility of increasing the validity and 
possibly the statistical significance. 
 
 When placing the participants into their respective groups it is recommended that the researcher 
should distribute the participants so that there is an equal male and female distribution. Unequal 
distribution of gender could affect the study. 
 
 Include an additional follow-up consultation four weeks after the final consultation to determine a 
longer-term effect. 
 
 Add an objective measurement to measure pain and disability which may be recorded using an 
algometer. 
 
  Different techniques of Kinesio® Tape may possibly be compared to each other as different 
techniques with taping have a different response to the body. 
 
 A measurement may be helpful prior to and after the application of the tape to determine an 
immediate effect. 
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 Conduct a short-term study on the muscle as the specific results indicated that the Kinesio® Tape 
group had a continuous improvement between visits. 
 
 Taping methods in an inhibitory manner to the antagonistic anterior musculature, eg. Tibialis Anterior 
muscle in addition to the taping of the gastrocnemius muscle. 
 
 Taping methods in an inhibitory manner to the antagonistic anterior musculature, eg. Tibialis Anterior 
muscle instead of taping the gastrocnemius muscle. 
 
 Different brands of taping methods such as rock-tape etc. To compare the effects of those tapes 
along with the Kinesio® Tape to determine possibly which taping brand is more effective on the 
musculature strength. 
 
 Conduct a study to investigate the effects of chiropractic spinal manipulation and Kinesio® Tape on 
the strength of muscles. 
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REC-01-71. 2018 
19 July 2018 
TO WHOM IT MAY CONCERN: 
STUDENT: NOOR, Z 
STUDENT NUMBER: 201004891 
TITLE OF RESEARCH PROJECT: The Long-Term Effect of Neurophysiological Taping on 
Gastrocnemius Muscle Strength in Asymptomatic Patients 
DEPARTMENT OR PROGRAMME: CHIROPRACTIC 
SUPERVISOR: Dr M Moodley CO-SUPERVISOR: Dr K Da Silva 
The Faculty Research Ethics Committee has scrutinised your research proposal and confirm that it 
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The REC would like to extend their best wishes to you with your postgraduate studies. 
 
Prof C Stein 
Chair: Faculty of Health Sciences REC 
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Email: cstein@uj.ac.za 
105 
 
APPENDIX C 
 
Advertisement  
 
RESEARCH 
WOULD YOU BE INTERESTED IN PARTICIPATING IN A STUDY WHICH AIMS TO DETERMINE THE 
EFFECT OF TAPING ON CALF MUSCLE STRENGTH? 
 
 
 
 
 
 
 
 
 
If you are between the ages of 18 and 35 years old, come to the University of Johannesburg 
Chiropractic Day Clinic at the Doornfontein Campus to see if you qualify to participate in an 
exciting research trial aimed at possibly improving calf muscle strength. 
For more information, please contact Zaakir Noor 082 464 1120 
UJ Ethics Clearance Number: REC-01-71-2018 
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APPENDIX D 
 
Information Form 
 
 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
 
Date: ______________ 
 
Good Day 
 
My name is Zaakir Noor and I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research study on. 
The Long-Term Effect of Neurophysiological Taping on Gastrocnemius Muscle Strength in Asymptomatic 
Patients. 
 
Before you decide on whether to participate, I would like to explain to you why the research is being done 
and what it will involve for you. I will go through the information letter with you and answer any 
questions you have. This should take about 10 to 15 minutes. The study is part of a research project being 
completed as a requirement for a Master’s Degree in Chiropractic through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to determine the long-term effect of neurophysiological taping over a 
period of three weeks, on the strength of the calf muscle in asymptomatic (pain free) individuals. Also, the 
purpose of this study is to evaluate any change in the peak force on the calf muscle over the three-week 
period. Thus, giving more information regarding a more long-term effect in weeks for the taping, rather than 
an immediate effect. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in understanding the 
relevant details of participation in this research study. Please read through these. If you have any further 
questions I will be happy to answer them for you. 
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DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in the study. I will 
describe the study and go through this information sheet. If you agree to take part, I will then ask you to sign 
a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? Once agreeing to 
participate in this study you will be screened by means of a full case history and physical examination, along 
with a regional examination of your Lumbar (Lower back) spine and ankle regional to check if you fit the 
inclusion criteria and that you do not fall into the exclusion criteria. You will then be randomly allocated to 
group one or group two (each consisting of fifteen participants). Both groups shall receive taping methods on 
the calf muscle. The tape that is allocated within your group will need to be left on for at least two days in 
total till the next visit. The research trial will take three weeks in total, consisting of a total of seven visits, two 
per week, for a duration of 10 minutes each. Measurements/data will be collected before strapping on the 
initial visit, and immediately after strapping on the initial visit. Measurements/data will then be collected again 
on visit 4 and 7. Measurements/data will be collected using the Cybex Isokinetic Muscle Strength Machine. 
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, you 
are free to withdraw your consent at any time without giving a reason and without any consequences. If you 
wish to withdraw your consent, please inform me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE TO 
ME: If you participate in this study you will not be charged any amount, and you will not be paid. 
 
RISKS INVOLVED IN PARTICIPATION: People that are allergic to the adhesive used on the tape may have 
a reaction such as itching, redness or small blisters. If the participant has an allergic reaction to the tape, it 
will be immediately removed off the skin and the participant will no longer be a part of the study. On campus 
medical facilities (nurses) will be contacted and the participant will be taken to the health facility for further 
medical attention.  
 
BENEFITS INVOLVED IN PARTICIPATION: Participants will benefit largely from their participation in the 
study as taping/strapping is known to increase muscular strength and increase the peak force on muscles. 
Participants will not only benefit from an immediate effect but the possibility of a long-term effect from this 
study.  
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the 
questionnaire/data sheet will be removed once analysis begins. All data and back-ups thereof will be kept in 
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password protected folders and/or locked away as applicable. Only I or my research supervisor will be 
authorised to use and/or disclose your anonymised information in connection with this research study. Any 
other person wishing to work with you anonymised information as part of the research process will be required 
to sign a confidentiality agreement before being allowed to do so. 
 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written into a 
research report that will be assessed. In some cases, results may also be published in a scientific journal. In 
either case, you will not be identifiable in any documents, reports or publications. You will be given access 
to the study results if you would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, under the 
guidance of my research supervisor at the Department of Chiropractic in the University of Johannesburg. 
This study will receive funding from the supervisor linked bursary. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to start, it was 
reviewed in order to protect your interests. This review was done first by the Department of Chiropractic, and 
then secondly by the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research study, its 
procedures or risks and benefits, you should ask me. You should contact me at any time if you feel you have 
any concerns about being a part of this study. My contact details are:  
 
Zaakir Noor  
082 464 1120 
zaakirnoor@yahoo.com 
 
You may also contact my research supervisor: 
Dr M. Moodley 
mmoodley@uj.ac.za 
 
UJ Ethic’s clearance number: REC-01-71-2018 
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If you feel that any questions or complaints regarding your participation in this study have not been dealt with 
adequately, you may contact the Chairperson of the Faculty of Health Sciences Research Ethics Committee 
at the University of Johannesburg: 
 
 
Prof. C. Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific information 
about this research project information, have any questions, concerns or complaints about this research 
study, its procedures, risks and benefits, you should communicate with me using any of the contact details 
given above. 
 
 
Researcher: 
 
Zaakir Noor   
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APPENDIX E 
 
Consent Form 
 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
The Long-Term Effect of Neurophysiological Taping on Gastrocnemius Muscle Strength in Asymptomatic 
Patients. 
Please initial each box below: 
 
       I confirm that I have read and understand the information letter for the above study. I have had 
the opportunity to consider the information, ask questions and have had these answered satisfactorily. 
 
                    I understand that my participation is voluntary and that I am free to withdraw from this study at 
any time without giving any reason and without any consequences to me. 
 
      I agree to take part in the above study. 
 
_______________________       ___________________________________  ________________ 
Name of Participant        Signature of Participant    Date 
 
_______________________      ___________________________________ ________________ 
Name of Researcher       Signature of Researcher   Date 
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APPENDIX F 
 
Contraindications to Chiropractic 
Absolute contraindications (Gatterman, 2005) 
1. Bone: 
 any pathology that has led to significant bone weakening 
 tumour, e.g. metastatic deposits 
 infection, e.g. tuberculosis 
 metabolic, e.g. osteomalacia 
 congenital, e.g. dysplasia 
 iatrogenic, e.g. long-term steroids 
 inflammatory, e.g. severe rheumatoid arthritis 
 traumatic, e.g. fracture. 
2. Neurological: 
 cord compression 
 cauda equina compression 
 nerve root compression with increasing neurological deficit. 
3. Vascular: 
 aortic aneurysm 
 bleeding into joints e.g. severe haemophilia. 
4. Muscular 
 Previous biceps brachii muscle rupture or injury. 
 Previous biceps brachii tendon rupture or injury. 
5. Lack of diagnosis. 
6.  Lack of patient consent. 
7. Patient positioning cannot be achieved because of pain, resistance, or protective spasm. 
Relative contraindications (at risk for adverse reactions) 
1. Adverse reactions to previous taping. 
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APPENDIX G 
 
Contraindications to Neurophysiological taping/strapping 
 
You should refrain from using neurophysiological tape if you have any of the following: 
 If you have damaged or frail skin 
 Sun-burnt skin is not recommended for taping purposes.  
 Anyone with known sensitivities to medical acrylics. 
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APPENDIX H 
 
 
 
 
 
CHIROPRACTIC DAY CLINIC  
CASE HISTORY  
     
Date:    
  
________________________________   
Patient: 
   
  
________________________________  File No:  
__________________________________  
Occupation:  
  
________________________________  
 
Age:  __________  Sex:  ________   
Student:   ________________________________  Signature: 
_____________________________ 
 
 
  
FOR CLINICIAN USE ONLY:  
  
Initial visit clinician: ________________________________ Signature: 
_________________________________:  
  
Case History: 
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
  
  
UNIVERSITY OF JOHANNESBURG   
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_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
   
_____________________________________________________________________________________
__  
  
 
  
 
 
Examination:  
       
 Previous:    UJ         Current:    UJ  
  
X-ray Studies:  
 Other             Other  
 Previous:   UJ         Current:    UJ  
  
Clinical Path. 
Lab:  
 Other             Other  
 Previous:    UJ         Current:    UJ  
  
Case status:  
 Other             Other  
 PTT:     Conditional:     Signed off:     Final sign 
out:  
  
Recommendations:  
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Students case history:  
  
1. Source of History: _________________________________________  
  
2. Chief Complaint in patients own words:  
  
_____________________________________________________________________________________
________ 
  
 
_____________________________________________________________________________________
________ 
  
 
_____________________________________________________________________________________
________ 
  
 
 
5.  ANY OTHER COMPLAINTS  
  
_____________________________________________________________________________________
________ 
  
_____________________________________________________________________________________
________ 
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APPENDIX I 
 
 
 
 
 
 
 
 
 
 
CHIROPRACTIC DAY CLINIC  
 PHYSICAL EXAMINATION  
  
Underline abnormal findings in RED   
   
  
  Date: 
__________________________________  
Patient:   
________________________________  
  
  FileNo:  
__________________________________  
Clinician: 
 ________________________________  
  
  Signature: 
__________________________________  
Student:  
 ________________________________  
  Signature: 
__________________________________  
  
  
UNIVERSITY OF JOHANNESBURG   
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APPENDIX J 
 
 
 
 
 
 
 
 
 
CHIROPRACTIC DAY CLINIC 
REGIONAL EXAMINATION 
LUMBAR SPINE 
     
Date:    
  
___________________________   
Patient: 
   
  
___________________________  File No: 
_____________________________  
Clinician:   
  
___________________________  Signature: 
___________________________  
Student:   ___________________________  Signature: 
___________________________  
 
  
  
UNIVERSITY OF JOHANNESBURG   
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APPENDIX K 
 
 
 
 
 
 
 
 
 
CHIROPRACTIC DAY CLINIC  
 REGIONAL EXAMINATION  
FOOT AND ANKLE  
     
Date:    
  
___________________________   
Patient: 
   
  
___________________________  FileNo: 
_____________________________  
Clinician:   
  
___________________________  Signature: 
___________________________  
Student:   ___________________________  Signature: 
___________________________  
  
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
UNIVERSITY OF JOHANNESBURG   
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APPENDIX L 
 
UNIVERSITY OF JOHANNESBURG 
CHIROPRACTIC DAY CLIC SOAP NOTE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Patient:  Visit Number:   
File Number:  Student:  
Date:  Clinician:  
S:  
  
  
  
  
  
  
O:   
A: Differential Diagnosis / ICD-10 Code  
  
  
  
  
  
  
P: Procedure Codes  
Home Advice:  
  
  
  
  
  
Comments:  
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APPENDIX M 
 
 
 
 
(Photograph by researcher, 2019) 
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APPENDIX N 
 
Cybex Reading Sheet  
University of Johannesburg - Biokinetics 
Short Form Torque vs. Position Report - Ankle Plantar/Dorsiflexion Prone 
Name:  ID:  Right/Left:  
Birth date:  Involved Side:  Group 1:  
Height:  Preferred Side:  Group 2:  
Weight:  Doctor:    
Gender:  Tester: Zaakir Noor   
Diagnosis:    
Surgery:    
  
Right Side Curves            Left Side Curves            Set: 1 
Isokinetic Con/Con Plantarflexors (Con)   Dorsiflexors (Con)   
Speed 30/30 d/s 5 Reps Value Cof Var %BW Value Cof Var %BW Ratio 
 
Peak Torque (Newton-Meters - Best Repetition) 
  Right 62 0.15 101      15 0.08 24 24 
  Left 62 0.18 101 11 0.06 18 17 
  Deficit 0    27      
Total Work Done (Newton-Meters - Best Repetition) 
  Right 160 0.00 259 49 0.00 77 31 
  Left 146 0.00 235 38 0.00 63 26 
  Deficit 8    22      
Range of Motion (Degrees) 
  Right 34 0.08  -22 -0.17    
  Left 40 0.04  -12 -0.07    
MaxGET Right 2018/08/14 20 Left 2018/08/14 14 
HUMAC2015® Version: 15.000.0103 © Computer Sports Medicine, Inc. www.csmisolutions.com 
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The following Cybex reading is an example of one of the participants that partook in the study. The above 
represented a full measurement reading from one visit. This was taken on visit one, four and seven the 
same way for all thirty participants.  
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Cybex Isokinetic Muscle Strength Machine 
 (Photographs by researcher, 2018) 
 
 (Photographs by researcher, 2018) 
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KEYS:    
GROUPS:  1- KINESIO TAPE    
 
2- HYPOALLERGENIC COVER-
ROLL STRETCH TAPE  
(CONTROL)   
GENDER: 1- MALE   
 2-FEMALE   
PTPF-R: PEAK TORQUE PLANTARFLEXORS- RIGHT 
PTDF-R: PEAK TORQUE DORSIFLEXORS-
RIGHT  
PTPF-L: PEAK TORQUE PLANTARFLEXORS-LEFT 
PTDF-L: PEAK TORQUE DORSIFLEXORS-
LEFT  
V1,V4,V7: VISIT 1, VISIT 4, VISIT 7   
Case Researcher file number Group Gender Age V1PTPF-R V4PTPF-R V7PTPF-R V1PTDF-R V4PTDF-R V7PTDF-R
1 B1 1 1 26 121 45 94 26 31 24
2 B2 1 1 30 69 79 77 27 33 26
3 B3 1 2 24 81 79 62 18 20 15
4 B4 1 2 24 69 42 69 16 24 16
5 B5 1 1 23 96 42 75 27 46 35
6 B6 1 2 23 85 62 83 22 28 18
7 B7 1 2 25 81 92 62 15 18 33
8 B8 1 2 24 50 83 84 18 24 22
9 B9 1 1 25 79 61 99 28 30 28
10 B10 1 2 29 76 46 73 24 35 20
11 B11 1 1 26 83 45 75 28 28 26
12 B12 1 2 25 42 42 56 18 18 19
13 B13 1 2 23 62 41 61 16 24 14
14 B14 1 2 26 79 54 35 24 22 45
15 B15 1 2 22 75 103 52 16 20 22
16 A1 2 2 25 92 61 47 9 14 16
17 A2 2 2 25 61 72 50 19 23 34
18 A3 2 2 23 22 43 33 18 20 30
19 A4 2 2 22 47 52 49 18 19 31
20 A5 2 1 26 115 122 80 22 27 42
21 A6 2 1 25 130 115 100 31 42 31
22 A7 2 1 25 94 62 72 26 31 20
23 A8 2 2 24 89 75 75 19 24 24
24 A9 2 2 22 98 75 77 20 20 12
25 A10 2 2 27 75 80 34 27 26 23
26 A11 2 1 25 47 88 72 20 33 14
27 A12 2 1 32 53 75 45 33 28 37
28 A13 2 2 25 43 42 45 16 22 24
29 A14 2 1 28 140 140 100 45 49 47
30 A15 2 2 23 84 98 46 16 18 24
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KEYS:  
GROUPS:  1- KINESIO TAPE  
 
2- HYPOALLERGENIC COVER-
ROLL STRETCH TAPE  
(CONTROL)  
GENDER: 1- MALE 
 2-FEMALE 
PTPF-R: PEAK TORQUE PLANTARFLEXORS- RIGHT 
PTDF-R: PEAK TORQUE DORSIFLEXORS-
RIGHT 
PTPF-L: PEAK TORQUE PLANTARFLEXORS-LEFT 
PTDF-L: PEAK TORQUE DORSIFLEXORS-
LEFT 
V1,V4,V7: VISIT 1, VISIT 4, VISIT 7 
 
 
V1PTPF-L V4PTPF-L V7PTPF-L V1PTDF-L V4PTDF-L V7PTDF-L DeficitV1 (PT) PF DeficitV4 (PT) PF DeficitV7 (PT) PF DeficitV1 (PT) DF DeficitV4 (PT) DF
106 52 89 26 37 23 12 13 4 0 15
77 80 83 31 41 30 11 2 7 13 20
77 58 62 24 27 11 5 26 0 28 25
73 38 73 22 30 22 6 10 6 25 18
88 61 68 27 47 37 8 31 9 0 3
77 65 87 19 34 23 10 4 5 13 16
77 72 57 20 18 26 5 22 9 27 0
58 75 81 26 23 20 14 10 3 32 6
50 87 85 26 37 27 36 30 14 10 19
66 38 77 26 41 26 13 18 5 5 13
71 80 69 24 11 28 15 44 7 14 62
37 37 49 20 20 26 13 13 12 13 13
56 54 61 15 30 20 11 25 0 8 18
73 53 35 23 30 58 7 2 0 6 27
83 79 49 19 16 22 10 24 5 14 20
103 69 42 16 20 20 11 12 11 42 33
75 80 49 22 23 28 18 10 3 13 0
28 33 33 18 22 23 24 25 0 0 6
47 64 52 20 18 22 0 19 5 13 7
138 132 121 24 28 30 17 7 34 11 5
103 103 75 34 35 27 21 11 26 8 16
89 64 88 33 37 37 4 2 18 21 15
75 71 71 20 23 23 17 5 5 7 6
114 125 60 23 27 14 14 40 23 12 25
69 62 54 22 23 30 7 22 38 20 11
60 76 94 33 35 20 20 14 23 38 8
56 65 60 28 34 38 5 13 25 13 16
45 50 38 14 20 30 3 16 15 17 6
155 132 85 38 43 50 10 6 15 15 11
64 80 35 24 27 19 24 18 24 33 35
135 
 
 
 
KEYS:  
GROUPS:  1- KINESIO TAPE  
 
2- HYPOALLERGENIC COVER-
ROLL STRETCH TAPE  
(CONTROL)  
GENDER: 1- MALE 
 2-FEMALE 
PTPF-R: PEAK TORQUE PLANTARFLEXORS- RIGHT 
PTDF-R: PEAK TORQUE DORSIFLEXORS-
RIGHT 
PTPF-L: PEAK TORQUE PLANTARFLEXORS-LEFT 
PTDF-L: PEAK TORQUE DORSIFLEXORS-
LEFT 
V1,V4,V7: VISIT 1, VISIT 4, VISIT 7 
 
DeficitV7 (PT) DF CV PFV1-R CV PFV4-R CV PFV7-R CV DFV1-R CV DFV4-R CV DFV7-R CV PFV1-L CV PFV4-L CV PFV7 -L CV DFV1-L
6 0,08 0,16 0,1 0,1 0,22 0,33 0,03 0,19 0,02 0,1
14 0,07 0,12 0,06 0,05 0,14 0,07 0,16 0,07 0,02 0,09
27 0,05 0,25 0,15 0,07 0,48 0,08 0,06 0,05 0,18 0,16
25 0,02 0,13 0,02 0,05 0,19 0,05 0,09 0,17 0,09 0,05
4 0,1 0,17 0,18 0,03 0,02 0,04 0,13 0,12 0,06 0,1
24 0,12 0,19 0,09 0,05 0,08 0,06 0,18 0,56 0,19 0,05
21 0,15 0,11 0,16 0,15 0,06 0,11 0,11 0,09 0,11 0,09
6 0,09 0,09 0,11 0,12 0,37 0,25 0,14 0,12 0,02 0,17
5 0,08 0,07 0,11 0,03 0,04 0,28 0,1 0,15 0,13 0,05
21 0,12 0,12 0,1 0,09 0,17 0,09 0,1 0,04 0,17 0,1
10 0,09 0,08 0,05 0,08 0,13 0,06 0,13 0,08 0,22 0,24
26 0,17 0,17 0,09 0,11 0,11 0,11 0,13 0,13 0,15 0,12
33 0,28 0,17 0,2 0,08 0,14 0,13 0,28 0,15 0,24 0,07
23 0,13 0,09 0,05 0,07 0,08 0,15 0,11 0,15 0,09 0,05
0 0,1 0,11 0,15 0,03 0,05 0,44 0,06 0,1 0,2 0,23
20 0,34 0,14 0,08 0,31 0,11 0,14 0,11 0,1 0,22 0,09
16 0,35 0,05 0,06 0,31 0,42 0,23 0,09 0,09 0,08 0,12
23 0,17 0,27 0,13 0,13 0,11 0,17 0,2 0,22 0,25 0,07
30 0,15 0,08 0,04 0,09 0,1 0,09 0,1 0,24 0,07 0,04
29 0,07 0,12 0,24 0,29 0,15 0,35 0,06 0,09 0,12 0,1
13 0,47 0,1 0,07 0,24 0,03 0,34 0,04 0,08 0,12 0,04
44 0,21 0,11 0,12 0,28 0,08 0,14 0,18 0,11 0,19 0,05
6 0,07 0,11 0,11 0,03 0,05 0,05 0,1 0,28 0,28 0,04
10 0,5 0,1 0,08 0,11 0,11 0,65 0,06 0,2 0,05 0,04
23 0,14 0,11 0,15 0,04 0,06 0,28 0,24 0,28 0,14 0,07
33 0,17 0,2 0,07 0,19 0,08 0,2 0,16 0,08 0,13 0,1
4 0,07 0,03 0,18 0,09 0,06 0,36 0,16 0,51 0,1 0,1
18 0,1 0,23 0,05 0,1 0,05 0,44 0,2 0,11 0,23 0,25
5 0,05 0,07 0,07 0,07 0,09 0,14 0,05 0,1 0,13 0,09
22 0,04 0,24 0,06 0,08 0,21 0,17 0,18 0,14 0,55 0,05
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KEYS:  
GROUPS:  1- KINESIO TAPE  
 
2- HYPOALLERGENIC COVER-
ROLL STRETCH TAPE  
(CONTROL)  
GENDER: 1- MALE 
 2-FEMALE 
PTPF-R: PEAK TORQUE PLANTARFLEXORS- RIGHT 
PTDF-R: PEAK TORQUE DORSIFLEXORS-
RIGHT 
PTPF-L: PEAK TORQUE PLANTARFLEXORS-LEFT 
PTDF-L: PEAK TORQUE DORSIFLEXORS-
LEFT 
V1,V4,V7: VISIT 1, VISIT 4, VISIT 7 
 
 
 
 
CV DFV4-L CV DFV7-L BWV1 (PT) PF-R BWV4 (PT) PF-R BWV7 (PT) PF-R BWV1 (PT) DF-R BWV4 (PT) DF-R BWV7 (PT) DF-R BWV1 (PT) PF-L BWV4 (PT)-L BWV7 (PT)-L
0,42 0,27 203 75 158 45 54 42 179 86 152
0,16 0,08 98 113 110 39 48 36 110 113 119
0,39 0,06 131 128 101 30 33 24 125 95 101
0,31 0,05 134 80 134 33 48 33 140 75 140
0,07 0,02 107 48 83 30 51 39 98 69 75
0,21 0,03 164 119 161 42 54 33 149 125 167
0,07 0,19 119 137 92 21 27 48 113 107 83
0,33 0,08 83 137 140 30 42 36 98 125 134
0,04 0,05 86 66 107 30 33 30 54 95 92
0,37 0,07 125 77 122 42 60 33 110 63 128
0,16 0,25 113 63 101 39 39 36 95 110 95
0,12 0,08 80 80 104 33 33 36 69 69 92
0,19 0,11 92 60 89 24 36 21 83 80 89
0,1 0,06 128 86 57 39 36 72 119 86 57
0,08 0,29 98 137 69 21 27 30 110 104 66
0,26 0,15 250 167 128 27 36 45 280 188 113
0,34 0,18 92 110 77 30 36 51 113 122 75
0,04 0,19 39 80 60 33 39 54 54 60 60
0,37 0,07 69 77 72 27 27 45 69 95 77
0,07 0,34 128 137 89 24 30 48 155 146 134
0,09 0,48 119 104 92 30 39 30 95 95 69
0,08 0,23 110 75 83 30 36 24 104 75 104
0,06 0,06 143 119 119 30 39 39 119 113 113
0,07 0,23 152 116 119 33 33 18 179 194 92
0,06 0,19 110 119 51 39 39 33 101 92 80
0,08 0,16 51 92 75 21 33 15 63 80 98
0,31 0,17 72 101 60 45 39 51 75 86 80
0,14 0,21 72 69 72 27 36 39 72 80 63
0,03 0,16 146 146 104 48 51 51 164 137 89
0,1 0,44 152 179 83 30 33 45 116 146 63
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KEYS:  
GROUPS:  1- KINESIO TAPE  
 
2- HYPOALLERGENIC COVER-
ROLL STRETCH TAPE  
(CONTROL)  
GENDER: 1- MALE 
 2-FEMALE 
PTPF-R: PEAK TORQUE PLANTARFLEXORS- RIGHT 
PTDF-R: PEAK TORQUE DORSIFLEXORS-
RIGHT 
PTPF-L: PEAK TORQUE PLANTARFLEXORS-LEFT 
PTDF-L: PEAK TORQUE DORSIFLEXORS-
LEFT 
V1,V4,V7: VISIT 1, VISIT 4, VISIT 7 
BWV1 (PT)DF-L BWV4 (PT) DF-L BWV7 (PT) DF-L PTV1 Ratio-R PTV4 Ratio-R PTV7 Ratio-R PTV1 Ratio-L PTV4 Ratio-L PTV7 Ratio-L
45 63 39 21 70 26 24 71 26
45 57 42 39 41 33 40 51 36
39 45 80 22 26 24 32 47 17
42 57 42 24 58 24 30 79 30
30 54 42 28 110 47 31 78 54
36 56 45 25 46 21 25 52 27
30 27 39 18 19 52 26 25 25
42 39 33 35 30 26 44 31 25
27 39 30 36 49 29 51 42 32
42 69 42 32 76 28 39 107 33
33 15 39 34 64 35 35 14 41
39 39 48 42 42 34 56 56 53
21 45 30 26 60 22 27 55 33
36 48 95 31 40 127 31 56 165
24 21 30 22 20 42 23 21 44
45 57 57 10 22 34 16 29 48
33 36 45 31 32 68 29 29 58
33 39 42 81 47 92 62 67 71
30 27 33 37 37 64 43 28 42
27 33 33 19 22 53 18 22 25
30 33 24 24 36 31 33 34 36
39 42 42 28 50 28 36 57 42
33 36 36 21 33 33 27 33 33
36 42 21 21 27 16 20 22 23
33 33 45 36 32 68 31 37 55
33 36 21 43 37 19 55 46 22
39 45 51 62 38 82 51 52 64
21 33 48 38 52 55 30 41 79
39 45 54 32 35 47 25 33 59
45 51 36 19 18 53 38 34 54
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